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[57] ABSTRACT 

A high efficiency leucocyte-depletion filter for use with 
packed red cell concentrate derived from freshly drawn 
blood comprises a fibrous filter medium with a pore size 
of from about 0.5 to less than 3.6 ftm and a CWST of 
from 53 to about 80. The filter is preferably used in 
conjunction with a gel prefilter and, optionally, a mi- 
croaggregate filter so as to minimize clogging. In a 
preferred embodiment, the voids volume is about 60% 
to about 85%. 
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the transfusion of agents other than donor red blood 
METHOD FOR DEPLETION OF THE cells, including the donor's leucocytes. 

LEUCOCYTE CONTENT OF BLOOD AND BLOOD Removal of leucocytes to sufficiently low levels to 
COMPONENTS prevent the undesired reactions, particularly in packed 

5 red cells which have been derived from freshly drawn 
This application is a continuation-in-part of U.S. pa- blood, is an objective of this invention, 
tent application Ser. No. 07/527,717, filed May 22, In the currently used centrifugal methods for separat- 
1990, now abandoned, which, in turn, is a continuation- ing blood into the three basic fractions (packed red 
in-part of U.S. patent application Ser. No. 07/349,439, cells, platelet concentrate, and plasma), the leucocytes 
filed May 9, 1989 (now abandoned). 10 are present in substantial quantities in both the packed 

red cells and platelet concentrate fractions. It is now 
TECHNICAL FIELD generally accepted that it would be highly desirable to 

This invention relates to a method for depleting the reduce the leucocyte concentration of these blood corn- 
leucocyte content of whole blood and products derived ponents to as low a level as possible. While there is no 
therefrom, particularly from human packed red blood 15 firm criterion, it is generally accepted that many of the 
cells, and more particularly from anti-coagulated undesirable effects of transfusion would be reduced if 
human packed red blood (PRC) cells which have been the leucocyte content were reduced by a factor of about 
derived from whole blood freshly drawn from a blood 100 or more prior to administration to the patient. This 
donor. approximates reducing the total content of leucocytes in 

20 a single unit of PRC (the quantity of PRC obtained from 
BACKGROUND OF THE INVENTION ft sin | le Wood donation) t0 less than about 1 X 107. Re . 

It has been the practice for 50 years or more to trans- cently it has become more widely perceived that in 

fuse whole blood, and more recently blood compo- order to prevent viral infection by transfused blood, 

nents, from one or more donors to other persons. With factors of reduction should be more than 100, prefera- 

the passage of time and accumulation of research and 25 bly more than 1000, and more preferably 30,000 or 

clinical data, transfusion practices have improved 100,000 fold or more, such as 1,000,000 fold, 

greatly. One aspect of current practice is that whole' One of the most effective means of reducing leuco- 

blood is rarely administered; rather, patients needing cyte content that has been discovered hitherto is dis- 

red blood cells are given packed red cells (hereinafter closed in U.S. Pat. No. 4,925,572 (application Ser. No. 

PRC), and patients needing platelets are given platelet 30 07/259,773, filed Oct. 19, 1988), which is directed 

concentrate. These components are separated from towards the bedside filtration of PRC. By contrast, this 

whole blood by centrifuging, the process providing, as invention relates to the filtration of freshly drawn 

a third product, plasma, from which various other use- whole blood and of fresh PRC, that is, PRC that is 

ful components are obtained. In addition to the three filtered within 24 hours, and more preferably within 6 

above-listed components, whole blood contains white 35 hours, of the time the blood was drawn. The behavior 

blood cells (known collectively as leucocytes) of vari- of fresh PRC is very different from that of the 2 to 35 

ous types, of which the most important are granulocytes day old blood that is described in U.S. Pat. No. 

and lymphocytes. White blood cells provide protection 4,925,572. The standards for leucocyte depletion are 

against bacterial and viral infection. also very different; the above copending application has 

In the mid to late seventies, a number of investigators 40 as its objective leucocyte reduction by a factor of up to 

proposed that granulocytes be separated from donated about 3000 to 10,000 and, while this is excellent for 

blood and transfused into patients who lacked them, for many purposes, the objective of the present application 

example, those whose own cells had been overwhelmed is leucocyte reduction by a factor in excess of about 

by an infection. In the resulting investigations, it be- 30,000, and preferably of about 1,000,000 or more, 

came apparent that this practice is generally harmful 45 Blood and a Unit of Packed Red 

since patients receiving such transfusion developed high 6 
fevers, had other adverse reactions, and often rejected 

the transfused cells. Further, the transfusion of packed Blood banks in the United States commonly draw 

cells or whole blood containing donor leucocytes can about 450 milliliters (ml) of blood from the donor into a 

be harmful to the recipient in other ways. Some of the 50 bag which usually contains an anticoagulant to prevent 

viral diseases induced by transfusion therapy, e.g., the blood from clotting. Herein the quantity drawn 

Cytomegaloviral Inclusion Disease, which is a life during such a donation is defined as a unit of whole 

threatening infection to newborns and debilitated blood, 

adults, are transmitted by the infusion of homologous While whole blood is to a degree used as such, most 

leucocytes. Another life-threatening phenomenon af- 55 units are processed individually by centrifugation to 

fecting immunocompromised patients is Graft versus produce one unit of PRC. The volume of a unit of PRC 

host disease (GVH); a disease in which the transfused varies considerably dependent on the hematocrit (per- 

Jeucocytes actually cause irreversible damage to the cent by volume of red cells) of the drawn blood, which 

blood recipient's organs including the skin, gastrointes- is usually in the range of about 37% to about 54%; and 

tinal tract and neurological system. More recently, re- 60 the hematocrit of the PRC, which varies over the range 

troviruses such as HIV (AIDS) and HTLV1 have be- from about 50 to over about 80%, depending on 

come a threat. Since some viruses, including several of whether yield of one or another blood compound is to 

those described above, are resident in the leucocytes, be minimized. Most PRC units are in the range of about 

the removal of leucocytes is regarded as beneficial. 170 to about 350 ml, but variation below and above 

Conventional red cell transfusions have also been 65 these figures is not uncommon, 

indicted as adversely, influencing the survival of patients Drawn whole blood may alternatively be processed 

undergoing surgery for malignancy of the large intes- by separating the red cells from the plasma, and resus- 

tine. It is believed that this adverse effect is mediated by pending them in a physiological solution. A number of 
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physiological solutions are in use. The red cells so pro- 
cessed may be stored for a longer period before use, and 
with some patients there may be some advantages in the 
removal of plasma. "Adsol" is the trade name of one 
such procedure, and SAG-M is a variant used in parts of 5 
Europe. 

As used herein the term "fresh blood product** in- 
cludes anti-coagulated whole blood, packed red cells 
obtained therefrom, and red cells separated from plasma 
and resuspended in physiological fluid, in all cases pro- 10 
cessed including filtration within about 24 hours and 
preferably within 6 hours of when the blood was drawn. 

In parts of the world other than the United States, 
blood banks and hospitals may draw less or more than 
about 450 ml of blood; herein, however, a "unit" is 15 
always defined by the United States' practice, and a unit 
of PRC or of red cells in physiological fluid is the quan- 
tity derived from one unit of whole blood. 

As used herein, PRC refers to the blood products 
described above, and to similar blood products obtained 20 
by other means and with similar properties. 

Previously Available Means to Remove Leucocytes 
from PRC 

The Spin-Filter system for obtaining leucocyte de- 25 
pleted packed red cells is described by Parravicini, 
Rebulla, Apuzzo, Wenz and Sirchia in Transfusion 
1984; 24:508-510, and is compared with other methods 
by Wenz in CRC Critical Reviews in Clinical Labora- 
tory Sciences 1986; 24:1-20. This method is convenient 30 
and relatively inexpensive to perform; it has been and 
continues to be used extensively. However, the effi- 
ciency of leucocyte removal, while generally about 
90% or better, is not sufficiently high to prevent ad- 
verse reactions in some patients. 35 

Centrifugation methods are available which produce 
lower levels of leucocytes in red cells, but these are 
laboratory procedures which are very costly to operate, 
and sterility of the product is compromised to a degree 
such that it must be used within 24 hours. 40 

Other methods for leucocyte depletion, such as saline 
washing or deglycerolizing frozen red cells, have been 
or are used, but these have disadvantages for economi- 
cal, high reliability service. 

A number of devices have been proposed in which 45 
fibers are packed into housings, and whole blood passed 
through them in order to remove microaggregates and 
a portion of the leucocyte content. These devices have, 
when reduced to practice, all required saline to be ap- 
plied either before or after use, or both before and after 50 
use, and are very poorly suited for blood bank use. 

Characteristics Desirable in a Leucocyte Depletion 
Device 

An ideal device for leucocyte depletion intended for 55 
use by blood banks would be inexpensive, relatively 
small, and be capable of processing one unit of PRC 
rapidly, for example in less than about one hour, and 
reduce the leucocyte content to the lowest possible 
level. Because of the high cost and limited availability 60 
of red blood cells, this ideal device would deliver the 
highest possible proportion of the red cells present in 
the donated blood. Such a device is an object of this 
invention. 

Devices which have previously been developed in 65 
attempts to meet this objective have been based on the 
use of packed fibers, and have generally been referred 
to as filters. However, it would appear on preliminary 



4 

review that processes utilizing filtration based on sepa- 
ration by size cannot succeed for two reasons. First, the 
various types of leucocytes range from granulocytes 
and macrocytes, which can be larger than about 15 um, 
to lymphocytes, which are in the 5 to 7 jim range. To- 
gether, granulocytes and lymphocytes represent the 
major proportion of all of the leucocytes in normal 
blood. Red blood cells are about 7 ^m in diameter, Le., 
in size they are in the range of one of the two major 
components which must be removed. Secondly, all of 
these cells deform so as to pass through much smaller 
openings than their normal size. Accordingly, and be- 
cause it is readfly observed by microscopic examination 
that leucocytes are adsorbed on a variety of surfaces, it 
has been widely accepted that removal of leucocytes is 
accomplished mainly by adsorption, rather than by 
filtration. An unexpected and surprising result of this 
invention, however, is that filtration through certain 
filters having a controlled pore size is critical to reach 
the target levels of leucocyte depletion. 

Blood Component Recovery 

In the preceding section, reference was made to the 
desirability of recovering a high proportion of the red 
cells delivered to the separation device. There are sev- 
eral causes for reduced recovery of red cells: 

(a) Losses due to hold up within the connecting tub- 
ing; 

(b) Losses due to liquid which remains within the 
device itself at the conclusion of the filtration; 

(c) Losses due to adsorption on the surfaces of the 
device, or due to mechanical entrapment within the 
device; 

(d) Loss due to clogging of the filter prior to comple- 
tion of the passage of the full unit of blood; and 

(e) Losses due to contact with incompatible surfaces, 
which can cause clotting. 

Capacity 

As separated from whole blood in current blood 
banking practice, packed red cells contain not only a 
proportion of the leucocytes present in the blood as 
drawn from the donor, but also some platelets (which 
tend to be very adhesive), fibrinogen, fibrin strands, tiny 
fat globules, and numerous other components normally 
present in small proportions. Also contained are factors 
added at the time the blood is drawn to prevent clotting, 
and nutrients which help to preserve the red cells dur- 
ing storage. 

During the centrifuging process which concentrates 
the red cells and partially separates them from the re- 
maining components there is a tendency for microag- 
gregates to form in PRC. These may comprise some red 
cells together with leucocytes, platelets, fibrinogen, 
fibrin, fat, and other components. Gels, which may be 
formed by fibrinogen and/or fibrin, may also be present 
in PRC produced by blood banks. 

If the leucocyte depletion device comprises a porous 
structure, microaggregates, gels and occasionally fat 
globules tend to collect on or within the pores, causing 
blockage which inhibits flow. 

Ease and Rapidity of Priming 

Ease of use is an important characteristic of any leu- 
cocyte depiction system. As noted above, for leucocyte 
depletion devices, ease of priming is a particularly im- 
portant factor. The term "priming time" refers to start- 
up of flow of PRC from the bag through the filter to the 
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patient, and is the time required to fill the filter housing 

from its inlet to its outlet. An object of this invention is Hence voids volume 

to maintain a short priming time, preferably less than 

about 30 to about 120 seconds, to conserve technician j_ j i_ i 

time. 5 ~ D ~ d ~ o-i ~ 1.38 

= 0.275 cc 



= 10 - .725 



Preconditioning of Leucocyte Depletion Devices Prior 

to Priming or t expressed as percent 

A number of devices in current use require pretreat- 
ment prior to passing blood, usually consisting of pass- 10 y « 9 -^ 5 x 100 
ing physiological saline. The necessity for such an oper- = w ?J% 

ation is very undesirable in blood bank processing be- ~ 

cause it complicates the procedure, requires technician The following Me illustrates the difference between 
time, and puts maintenance of sterility at nsk. specifying voids volume and density. As illustrated 

The reasons for using such pretreatment vary. They lhere> at constant densitV( a column of g! ass flbers (gi^ 
include removal of acid hydrolysate developed during much mQre densc thajl( e g ( polypropylene) has a 

steam sterilization of devices containing cellulose ace- voids volume of 94% versus on]y g3 3% for a commn of 
tate fibers, assurance of freedom from foreign solids polypropylene, 
which may be present in natural fibers, and if the fibers 
are hygroscopic to prevent hemolysis (loss of the integ- 
rity of red blood cells with subsequent loss of their 
contents to the external milieu). 

An objective of this invention is a leucocyte depletion 
device which requires no preconditioning prior to pro- ^ 
cessing PRC derived from freshly drawn blood. 



D, Column 


Material 


Density of 


Voids 


density 


of the 


the fiber, 


Volume 


(&/cc) 


fiber 


(g/cc) 


(%) 


0.15 


glass* 


2.5 


94.0 


0.15 


polyester 


1.38 


B9.1 


0.15 


polypropylene 


0.9 


83.3 



Definition of Voids Volumes * GUsi varie * dens »y fronj 2.3 to aboot 2.7 g/«. The 2.5 g/cc figure used 

here is in the mid range. 

The concept of "voids volume*' is related to, but 
distinguishable from, the term "bulk density". In fact, , n 

the term bulk density is misleading when referring to a 30 Defimt.on of Pore Dimeter 

broad spectrum of fibers with large variations in spe- In the definition of various filter media, it will be 

cific gravity. For example, polyester fibers may have a necessary to use the term "pore diameter". This term as 

specific gravity of about 1.38 while inorganic fibers used herein is as determined by the modified OSU F2 

prepared from zirconia may have a specific gravity of 35 test described below. 

greater than 5. Thus, m carrying out the instanl t uiven- Mcdia 

tion, references to voids volume should not be confused ° 

with the term bulk density. * When a liquid is brought into contact with the up- 

The concept of voids volume may be explained as stream surface of a porous medium and a small pressure 
follows. 40 differential is applied, flow into and through the porous 

medium may or may not occur. A condition in which 
Calculation of Voids Volume, Given Bulk Density and nQ flow occurs is that m wn j c h the liquid does not wet 
Fiber Density ^ mat erial of which the porous structure is made. 

Bulk density, D, is the weight of a given volume of A series of liquids can be prepared, each with a sur- 
fibrous aggregate divided by its apparent volume. Nor- 45 face tension of about 3 dynes/cm higher compared with 
mally this is expressed in g/cc. the one preceding. A drop of each may then be placed 

By fibrous aggregate is meant one or more fibers on a porous surface and observed to determine whether 
occupying a given or apparent volume, e.g., a mass of it is absorbed quickly, or remains on the surface. For 
non-woven intertangled fibers with a certain proportion example, applying this technique to a 0.2 fim porous 
of voids or spaces within the mass. 50 tetrafluoroethylene (PTFE) filter sheet, instant wetting 

In order to calculate the voids volume, V, the den- is observed for a liquid with a surface tension of about 
shy, d, of the fibers must be known. The density, d, is 26 dynes/cm. However, the structure remains unwetted 
also expressed in g/cc. when a liquid with a surface tension of about 29 dy- 

1. The volume of 1 gram of fibrous aggregate = 1/D nes/cm is applied. 

2. The volume of 1 gram of fibers = 1/d 55 Similar behavior is observed for porous media made 

3. The voids volume, V, is the total aggregate volume using other synthetic resins, with the wet-unwet values 
less the fiber volume or dependent principally on the surface characteristics of 

the material from which the porous medium is made, 
1 j and secondarily, on the pore size characteristics of the 

2F ~T 60 porous medium. For example, fibrous polyester, specifi- 

cally poiybutylene terephthalate (hereinafter "PBT") 
Example: sheets which have pore diameters less than about 20 /un 

Given: will be wetted by a liquid with a surface tension of 

Volume of fibrous aggregate = 10 cc about 50 dynes/cm, but will not be wetted by a liquid 

Weight of aggregate— 1 g 65 with a surface tension of about 54 dynes/cm. 

.'. Density of the aggregate D= 1/10=0.1 g/cc In order to characterize this behavior of a porous 

Density of fiber d= 1.38 medium, the term "critical wetting surface tension" 

.*. Volume of 1 g of the fibers is 1/1.38=0.725 cc (CWST) is defined as follows. The CWST of a porous 
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to 



15 



20 



medium may be determined by individually applying to 
its surface a series of liquids with surface tensions vary- 
ing by about 2 to about 4 dynes/cm, and observing the 
absorption or non-absorption of each liquid. The 
CWST of a porous medium, in units of dynes/cm, is 
defined as the mean value of the surface tension of the 
liquid which is absorbed and that of a liquid of neigh- 
boring surface tension which is not absorbed. Thus, in 
the examples of the two preceding paragraphs, the 
CWSTs are, respectively, about 27.5 and about 52 dy- 
nes/cm. 

In measuring CWST, a series of standard liquids for 
testing is prepared with surface tensions varying in a 
sequential manner by about 2 to about 4 dynes/cm. Ten 
drops of each of at least two of the sequential surface 
tension standard liquids are independently placed on 
representative portions of the porous medium and al- 
lowed to stand for 10 minutes. Observation is made after 
10 minutes, Wetting is defined as absorption into or 
obvious wetting of the porous medium by at least nine 
of the ten drops within 10 minutes. Non-wetting is de- 
fined by non-absorption or non-wetting of at least nine 
of the ten drops in 10 minutes. Testing is continued 
using liquids of successively higher or lower surface 
tension, until a pair has been identified, one wetting and 25 
one non- wetting, which are the most closely spaced in . 
surface tension. The CWST is then within that range 
and, for convenience, the average of the two surface 
tensions is used as a single number to specify the 
CWST. 

A number of alternative methods for contacting po- 
rous media with liquids of sequentially varying surface 
tension can be expected to suggest themselves to a per- 
son knowledgeable of physical chemistry after reading 
the description above. One such involves floating a 
specimen on the surfaces of liquids of sequentially vary- 
ing surface tension values, and observing for wet- 
through of the liquid, or if the fiber used is more dense 
than water, observing for sinking or floating. Another 
means would clamp the test specimen in a suitable jig, 
followed by wetting with the test liquids while applying 
varying degrees of vacuum to the underside of the spec- 
imen. 

Appropriate solutions with varying surface tension 
can be prepared in a variety of ways, however, those 
used in the development of the product described 
herein were: 



Hematocrit is the percent by volume occupied by red 
cells. The hematocrit of packed red cells ranges from 
about 50 to above 80%. Thus, about 50 to over 80% of 
the volume of PRC consists of the red cells themselves 
and, for this reason, the surface characteristics of the 
red cells influence the wetting behavior of PRC. The 
surface tension has been measured and is given in the 
literature as 64.5 dynes/cm. ("Measurement of Surface 
Tensions of Blood Cells & Proteins", by A. W. Neu- 
mann et al., from Annals N.Y.A.S., 1983, pp. 276-297.) 
The lower surface tension of red cells affects the behav- 
ior of PRC, for example during priming of filters and 
during filtration, in ways which are not fully under- 
stood. 

The benefits conferred by preconditioning fibers to 
CWST values higher than the natural CWST of PBT 
and other synthetic fibers include: 

(a) An important aspect of this invention is the dis- 
covery that fibrous media treated to convert the fiber 
surfaces to a particular range of CWST perform better 
with respect to priming time, leucocyte depletion effi- 
ciency, and resistance to clogging than do fibrous media 
with CWST values outside of those ranges. 

(b) Synthetic fiber media whose CWST values have 
been elevated by grafting have, when hot compressed, 
superior fiber-to-fiber bonding and are for this reason 
preferred for use in making the preformed elements 
used in this invention. 

(c) Detrimental effects such as occasional clotting of 
blood associated with non-wetting as described in pre- 
vious sections are avoided. 

(d) Devices made using unmodified synthetic fibers 
are recommended to be flushed with saline prior to use. 
This operation is undesirable since it causes blood loss 
due to hold-up within the complex tubing arrangement 
required, adds to cost, operation time, and operation 
complexity, and increases the probability that sterility 
may be lost. The need for preflushing is obviated by 
raising the CWST to the values disclosed in this inven- 

40 tion. 
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Surface Tension 


Solution or fluid 


range, dynes/cm 


Sodium hydroxide in water 


94-110 


C&lcium chloride in water 


90-94 


Sodium nitrate in water 


75-87 


Pure water 


72.4 


Acetic acid in water 


38-69 


Ethanol in water 


22-35 


n-Hexane 


18.4 


FC77 (3M Corp.) 


15 


FCB4 (3M Corp.) 


13 
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Wetting of Fibrous Media by Blood 

In packed red cells, as well as in whole blood, the red 
cells are suspended in blood plasma, which has a surface 
tension of about 73 dynes/cm. Hence, if packed red 65 
cells or whole blood is placed in contact with a porous 
medium, spontaneous wetting will occur if the porous 
medium has a CWST of about 73 dynes/cm or higher. 



Description Of The Invention 

In accordance with the subject invention, a device 
and a method for depleting the leucocyte content of a 
blood product are provided. 

The invention comprises a device for the depletion of 
the leucocyte content of fresh blood products which 
comprises a fibrous leucocyte adsorption/filtration fil- 
ter with a pore diameter of from about 0.5 to less than 
3.6 ftm and having a CWST of from 53 to about 80 
dynes/cm. 

One of the significant advantages of the device of the 
invention relates to the priming of the filter assembly 
(i.e., inducing sufficient flow of PRC to fill the housing), 
which is more complex and more difficult than would 
appear at first sight 

If the CWST of the fiber surface is too low, for exam- 
ple that of unmodified synthetic fiber, relatively higher 
pressure is required to force the PRC to flow through. 
More seriously, areas of the filter medium tend to re- 
main unwetted, preventing flow of PRC. Further, clot- 
ting may occur, especially with finer, high surface area 
fibers and with older blood. 

For reasons which are not well understood, filters 
which have CWST in excess of about 90 dynes/cm 
have been observed to have very long priming times, 
ranging to about 2 to about 5 minutes. It has further 
been learned, by trial and error, that it is advisable that 



02/08/2004, EAST Version: 1.4.1 



5,229,012 



10 



10 



15 



the CWST be held within a range somewhat above the 
CWST of untreated polyester fiber (52 dynes/cm), for 
example, about 55 dynes/cm and higher, and below 
about 75 or 80 dynes/cm, and more preferably from 
about 60 to about 70 dynes/cm. 

The filter element of the invention has a pore size of 
from about 0.5 to less than 3.6 u,m, preferably from 
about 0,5 to about 3.5 urn, more preferably from about 
0.5 to about 2 jim. This in itself is surprising since such 
pore sizes are significantly smaller than the size of blood 
components such as red blood cells which nevertheless 
pass through. The preferred element is typically made 
using 2.6 u.m average fiber diameter radiation grafted 
melt blown polybutylene terephthalate (PBT) web, 
which in a preferred form is hot compressed to a voids 
volume of about 60% to about 85% and preferably 
about 65% to about 84% and has a pore diameter of 
about 0.5 to about 2 u-m. The fiber surfaces of the ad- 
sorption element are surface grafted to provide a 
CWST preferably in the range of about 60 to about 70 20 
dynes/cm, such as from about 62 to about 68 dy- 
nes/cm. It may be protected from clogging by a gel 
prefilter and/or by a microaggregate prefilter, and its 
function is to reduce the leucocyte content by a factor 
of 30,000 or more while allowing red cells to pass 25 
freely. 

In a preferred device the fibrous filter medium of the 
invention is preceded by one or two preformed ele- 
ments. If a three element filter is used, the function of 
the first, (the gel prefilter), is to remove gels; that of the 30 
second, (the microaggregate filter), is primarily to re- 
move microaggregates though it can also remove some 
leucocytes by adsorption and by filtration; and the func- 
tion of the third, the filter medium of the invention 
(often called hereinafter the adsorption/filtration filter), 35 
is to remove leucocytes by adsorption and by filtration. 
If only two elements are used, the first may be a gel 
prefilter or a microaggregate filter, followed by the 
adsorption/filtration filter of the invention. Each of 
these three elements may comprise one or more sepa- 
rate or integral fibrous layers. The respective elements 
may differ in their CWSTs, voids volumes, pore sizes, 
and number of layers. Each element may comprise one 
or more preforms each containing a number of layers. 
The respective preforms within each element may also 45 
differ with respect to the preceding characteristics. 

Significant and novel preferred features of this inven- 
tion which contribute to achieving high efficiency and 
capacity for leucocyte removal, and minimize loss of 
blood within the apparatus include: 

(a) Previously disclosed devices have used a rela- 
tively small cross sectional area perpendicular to the 
flow path, and are correspondingly longer with respect 
to the depth of their flow paths. The preferred devices 



40 



50 



is meant a unitary, complete structure having its own 
integrity and, as mentioned, self-contained and indepen- 
dent of the other integral elements until assembled. 

Preforming eliminates the pressure on the inlet and 
outlet faces of the housing which are inherent in a 
packed fiber system. Preforming also permits one ele- 
ment, for example, the first stage prefilter of the assem- 
bled device, to be more or less compressible, yet have a 
lower or higher density than the one following it. This 
arrangement contributes to longer life in service. 

Preforming makes it more practical to use larger 
cross sectional area leucocyte depletion devices which 
have longer life in service, coupled with at least equal 
and usually better leucocyte removal efficiency* equal 
or better red cell recovery, and less hold up, when 
compared with devices that use fibers or fibrous webs 
packed into a housing at assembly. 

Devices have been proposed and some made which 
comprise various commercially made woven and non- 
woven fibrous media as prefilters, along with a more 
finely pored last stage consisting of non-woven fibrous 
mats, all packed within a plastic housing. These devices 
have not had the efficient prefiltration made possible by 
preforming and, in addition, have been prone to occa- 
sional clogging, being too small in cross sectional area. 

(c) While it might be thought that freshly drawn 
blood would be free of aggregates and gels, hence pre- 
filtration would not be required to prevent filter clog- 
ging, it has been the experience of the applicants that 
freshly drawn blood does occasionally clog a filter 
capable of producing a filtrate with less than about 10 4 
leucocytes per unit of PRC, corresponding to a reduc- 
tion in leucocyte content by a factor of about 10 5 . 

Because of the difficulty of predicting the conse- 
quences of the unusual and variable combination of 
clogging factors that may be present, even for a person 
skilled in the art of filter design, it is advisable to incor- 
porate an efficient prefilter. 

The present invention, therefore, provides for the 
optional use of an efficient, small volume gel prefilter 
system which will contribute to the objective of achiev- 
ing an average reduction of leucocyte content by a 
factor of about 30,000 or more, while rarely or never 
clogging when passing one unit of packed red cells 
derived from freshly drawn blood. 

The use of such an effective gel prefilter which con- 
sistently retains at least a substantial proportion of the 
gel content of one unit of PRC derived from freshly 
drawn blood is, therefore, a preferred feature of one 
aspect of this invention. This makes possible the use of 
a device with a smaller internal volume, with less blood 
loss due to internal hold-up, while consistently deliver- 
ing one unit of PRC without clogging. 

(d) While the gel prefilter is extremely efficient in 



in accordance with this invention are larger in cross 55 removing gels with a very small increase in pressure 
sectional area perpendicular to the flow path and corre- drop, and frequently removes as well quantities of mi- 
spondingly shorter in depth of flow. This improvement croaggregates suspended in the gels, it removes only a 
in design helps to prevent clogging by PRC containing portion of any microaggregates that may be present, 
unusually high quantities of gels or microaggregates. Removal of the smaller microaggregates may be ac- 
(b) In order to make the larger cross sectional area 60 complished by one, two, or more layers of prefiltration 



economic and practical and to obtain the required de- 
gree of prefiltration, the filter components used in ac- 
cordance with this invention are preferably preformed 
prior to assembly to closely controlled dimension and 
density parameters so as to form, in whole or in part, 
integral elements, self-contained and independent of 
other elements until assembled into a device in accor- 
dance with the subject invention. By "integral element" 



65 



using filter media of intermediate pore diameter which 
may either be separate preformed layers, but which in a 
preferred form of this invention are integral with part or 
all of the adsorption/filtration element. 

(e) The housing into which the element assembly is 
sealed is uniquely designed to achieve convenience of 
use, rapid priming, and efficient air clearance, this last 
leading to further reduction in hold-up of PRC. 
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(f) The lateral dimensions of the elements are larger 
than the corresponding inner dimensions of the housing 
into which they are assembled. For example, if the 
elements are of disc form, the disc outside diameter is 
made about 0.1 to about 0.5% larger than the housing 
inside diameter. This provides very effective sealing by 
forming an interference fit with no loss of effective area 
of the elements, and contributes further towards mini- 
mization of the blood hold-up volume of the assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of an exemplary 
depletion device employing the filter element of the 
present invention. 

FIG. 2 is an elevation view of the inside surface of the 
inlet section of the depletion device shown in FIG. 1. 

FIG. 3 is an elevation view of the inside surface of the 
outlet section of the depletion device shown in FIG. 1. 

FIG. 4 is a cross sectional view of the outlet section 
shown in FIG. 3. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Material for Use in Construction of Leucocyte 
Removal Devices 

A variety of starting materials other than fibers can 
be considered; for example, porous media could be cast 
from resin solution to make porous membranes, or sin- 
tered metal powder or fiber media could be used. How 
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for manufacturing leucocyte removal devices with opti- 
mally low hold-up volume. For example, a commer- 
cially available packed cotton fiber device currently 
used for leucocyte depletion has a priming volume of 
over 75 ml, which is more than twice the volume of the 
preferred device described in this application. Further- 
more, the makers of this device require saline to be 
passed before and after the PRC has been passed, and 
the device is not suitable for bedside use. Additionally, 
blood so processed must be used within 24 hours. 

The art of surface grafting has been the subject of 
extensive research for 25 years or more. Numerous 
publications in the scientific literature and a large num- 
ber of patents describe a variety of methods and proce- 
dures for accomplishing surface modification by this 
means. One such method employs monomers compris- 
ing an acrylic moiety together with a second group 
which can be selected to vary from hydrophilic (e.g., 
— COOH or —OH) to hydrophobic (e.g., saturated 
chains such as — CH2CH2CH3), and these have been 
used in the process of this invention. Heat, UV, and 
other reaction energizing methods can be used to initi- 
ate and complete the reaction. However, cobalt source 
radiation grafting has been selected as most convenient 
and has been used in this invention to modify the GWST 
of fibrous mats. By cut and try selection, mixtures of 
monomers or single monomers can be found which will 
produce a fibrous mat of polybutylene terephthalate in 
which the CWST has been increased from 52 to any 



ever, considerations of cost, convenience, flexibility, 30 desirrf ^ uc up t0 M Wgh M is to ^ mcasurc< j 



and ease of fabrication and control, point to fibers as a 
preferred starting material. 

In order to achieve good priming with the fibrous 
medium fully wetted and in the absence of surfactant 
deliberately added to reduce the surface tension of the 35 
blood product, it would appear at first glance from 
elementary consideration of the physical chemistry 
involved that blood component devices should be made 
of materials which have CWST values in the range of 



by the method described above. The upper limit is set 
by the paucity of liquids with surface tensions at room 
temperature higher than about 1 10 dynes/cm. 

During the development of this invention, devices 
were prepared using media in which grafting was ac- 
complished by compounds containing an ethylenically 
unsaturated group such as an acrylic moiety combined 
with a hydroxyl group (for example, 2-hydroxyethyl 



about 70 to about 75 dyncs/cm or higher. Practical 40 ^^«J^^^ A ^J^^ 



considerations dictate the use of commercially available 
fibers. Synthetic resins from which fibers are prepared 
commercially include polyvinylidene fluoride, polyeth- 
ylene, polypropylene, cellulose acetate, Nylon 6 and 66, 
polyester, polyacrylonitrile, and polyaramid. An impor- 45 
tant characteristic of resins is their critical surface ten- 
sion (Zisman, "Contact angles, wettability and adhe- 
sion", Adv. Chem. Ser. 43, 1-51, 1964). These resins 
have critical surface tensions (y c ) ranging from about 25 
to about 45 dynes/cm. Experience has shown that the 50 
CWST of filters in the pore sizes preferred in the prod- 
ucts of this invention can be expected to be less than 
about 10 dynes/cm higher than y c . For example, for 
polytetrafluoroethylene, y c is 18 and CWST is 27.5, 
while for a polyester PBT fibrous mat, y e is 45, and 55 
CWST is 52. No commercially available synthetic fiber 
has been found which has a CWST higher than about 52 
dynes/cm. 

Some natural fibers have CWST greater than 52, but 



mer, such as methyl acrylate (MA) or methyl methacry- 
late (MMA), which tend to cause the grafted porous 
webs to have lower CWST, can be used in combination 
with HEMA, and by varying the proportions, any 
CWST between about 35 to about 45 to over 1 10 dynes 
per cm can be obtained. 

Liquids with surface tensions lower than the CWST 
of the porous medium will wet the medium and, if the 
medium has through pores, will flow through it readily. 
Liquids with surface tensions higher than the CWST 
will not flow at all at low differential pressures, but will 
do so if the pressure is raised sufficiently. If the surface 
tension of the liquid is only slightly above the CWST, 
the required pressure will be small. If the surface ten- 
sion differential is high, the pressure required to induce 
flow will be higher. 

It has been discovered that, when a liquid is forced 
under pressure to pass through a fibrous mat which has 
a CWST more than about 15 to about 20 dynes/cm 



natural fibers smaller than about 15 \im in diameter are 60 lower than the liquid's surface tension, flow tends to 



not generally commercially available. Synthetic fiber 
webs in which the fibers are less than about 5 jim in 
diameter can be made by the melt blowing process, and 
compared with natural fibers, such fibers require one 
third or less the mass to provide equal fiber surface area 65 
for adsorption of leucocytes, and consequently, occupy 
less volume when fabricated into filters of a given pore 
diameter. For this reason, natural fibers are less suited 



occur in a non-uniform fashion, such that some areas of 
the mat remain dry. This is highly undesirable in a leu- 
cocyte depletion device, first because the pressure drop 
is higher causing earlier clogging, second because all 
the flow passes through only a portion of the available 
area, again increasing the probability of clogging, and 
third because only a portion of the fiber surface area 
available for adsorption of or retention by filtration of 
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leucocytes is used for that purpose and, as a result, 
leucocyte removal is less efficient. 

Solutions to the Problems of Poor Wetting of Synthetic 

Fibers 5 

Fiber surface characteristics of most or all of the 
synthetic resins listed above, as well as of other materi- 
als, can be modified by a number of methods, for exam- 
ple, by chemical reaction including wet or dry oxida- 
tion, by coating the surface by depositing a polymer 10 
thereon, and by grafting reactions which are activated 
by exposure to an energy source such as heat, a Van der 
Graff generator, ultraviolet light, or to various other 
forms of radiation f among which gamma-radiation is 
particularly useful. 15 

As examples of these various methods, stainless steel 
fibers can be made water wettable, i.e., provided with a 
y c greater than about 72 dynes/cm by oxidation in air at 
about 370* C. to produce a thin oxide surface skin. Syn- 
thetic organic and glass fibers may be coated by poly- 20 
mers which contain at one end a reactive (e.g., epoxide) 
moiety and at the other a hydrophilic group. 

While the above methods and others known to those 
familiar with surface modification techniques can be 
used, radiation grafting, when carried out under appro- 25 
priate conditions, has the advantage that considerable 
flexibility is available in the kinds of surfaces that can be* 
modified, in the wide range of reactants available for 
modification, and in the systems available for activating 
the required reaction. In the subject invention gamma- 30 
radiation grafting has been focused on because of the 
ability to prepare synthetic organic fibrous media with 
CWST over the full range of from below about 50 to 
above 80 dynes/cm. The products are very stable, have 
zero or near zero aqueous extractables levels and, in 35 
addition, improved adhesion between fibers is obtained 
when used in preformed prefiltration or in adsorption/- 
filtration elements. 



40 



Selection of Fiber Diameter for Use in Leucocyte 
Depletion Devices 

As noted in the section headed "Characteristics De- 
sirable in a Leucocyte Depletion Device", adsorption of 
leucocytes on fiber surfaces is widely accepted as the 
mechanism of leucocyte removal. Since the surface area 45 
of a given weight of fibers is inversely proportional to 
the diameter of the fibers, and removal of leucocytes by 
adsorption to the fiber surfaces is a significant mecha- 
nism for leucocyte depletion, it is to be expected that 
finer fibers will have higher capacity and that the quan- 50 
tity, as measured by weight of fibers necessary to 
achieve a desired efficiency, will be less if the fibers 
used are smaller in diameter. 

For this reason and because it is well known that finer 
fibers quite generally contribute to higher efficiency 55 
and longer life of filters, the trend has been to use finer 
fibers for leucocyte depletion. Historically, as the tech- 
nology required to produce smaller diameter fibers has 
advanced, they have soon thereafter been packed into 
housings and/or proposed to be used for leucocyte 60 
depletion. 

Selection of Fiber for Leucocyte Depletion Devices 

A number of commonly used fibers, including polyes- 
ters, polyamides, and acrylics, lend themselves to radia- 
tion grafting because they have adequate resistance to 
degradation by gamma-radiation at the levels required 
for grafting, and they contain groups with which avail- 
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able monomers can react. Others, such as polypropyl- 
ene, are less readily adapted to modification by grafting. 

As noted above, fiber diameters should be as small as 
possible. Synthetic fibers made by conventional spin- 
neret extrusion and drawing are not currently available 
smaller than about 6 u.m in diameter. 

Melt blowing, in which molten resin is attenuated 
into fibers by a high velocity stream of gas and collected 
as a non-woven web, came into production in the 1960s 
and 1970s and has been gradually extended over the 
years with respect to the lower limit of fiber diameter 
with which webs could be made. Within recent years, 
webs with fiber diameters less than 3 ftm have been 
achieved, and more recently, webs of good quality with 
average fiber diameter less than 2 urn have been made. 

Some resins are better adapted to melt blowing of fine 
fibers than are others. Resins which work well include 
polypropylene, polymethylpentene, polyamides such as 
Nylon 6 and Nylon 66, polyester PET (polyethylene 
terephthalate), and polyester PBT (polybutylene tere- 
phthalate). Others may exist that have not yet been 
tested. Of the above listed resins, polyester PBT is a 
preferred material because it lends itself to radiation 
grafting and to subsequent conversion into preformed 
elements of controlled pore size by hot pressing. 

Polyester PBT has been the principal resin used for 
the development of the products of this invention and is, 
except for a portion of a gel prefilter, the resin used in 
the examples. It should be noted, however, that other 
resins may be found which can be fiberized and col- 
lected as mats or webs with fibers as small as about 1.5 
urn in diameter or less, and that such products, with 
their CWST adjusted if necessary to the optimum 
range, may be well suited to the fabrication of equally 
efficient but still smaller leucocyte depletion devices. 
Similarly, glass and other fibers, appropriately treated, 
may make suitable devices with very low hold-up of 
blood. 

Description of an Exemplary Depletion Device 

As shown in FIGS. 1-4, an exemplary depletion de- 
vice 10 generally comprises a housing 11 and a separa- 
tion element or filter-adsorber assembly 12. The hous- 
ing 11 has an inlet 13 and an outlet 14 and defines a fluid 
flowpath between the inlet 13 and the outlet 14. The 
filter-adsorber assembly 12 is disposed within the hous- 
ing 11 across the fluid flowpath and serves to separate 
undesirable substances, such as gels, fat globules, aggre- 
gates, and leucocytes, from a fluid, such as a suspension 
of packed red cells, flowing through the housing 11. 

Housings can be designed to accept a variety of 
shapes of filter-adsorber assemblies. One such is, for 
example, a square. Those and other possible forms 
would in principle all be functional, provided that ade- 
quate flow area is provided. 

A square filter-adsorber assembly would in theory 
allow more economical use of material, but would be 
less reliable if an interference fit seal were used in the 
manner described below for housings fitted with disc 
shaped filter-adsorber assemblies. If sealing is obtained 
by edge compression about the periphery, significant 
effective area is lost at the seal. For those reasons, cylin- 
drical housings with disc shaped filter-adsorber assem- 
blies assembled with an interference fit seal are pre- 
ferred, although other forms may be used. Circular 
housings with an effective cross sectional area of about 
62 cm 2 have been used in developing this invention. 
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Housings can be fabricated from any suitably imper- 
vious material, including an impervious thermoplastic 
material. For example, the housing may preferably be 
fabricated from a transparent polymer, such as an 
acrylic or polycarbonate resin, by injection molding. 
Not only is such a housing easily and economically 
fabricated, but it also allows observation of the passage 
of the fluid through the housing. The housings are de- 
signed to withstand normal abuse during service, as 



The outlet section 16 of the housing 11 includes a 
circular outlet plate 31 and a cylindrical collar 32 which 
extends from the periphery of the circular outlet plate 
31 to the periphery of the circular inlet plate 20. The 
cylindrical collar 32 is preferably integrally formed 
with the circular outlet plate 31 and joined to the circu- 
lar inlet plate 20 in any suitable manner, e.g., by an 
adhesive or by sonic welding. 

The inside surface of the circular outlet plate 31 de- 



well as internal pressures up to bout 3 psi (0.2 kg/cm 2 ). 10 fines a wall 33 which faces the downstream surface of 



This permits light construction, which is a desirable 
feature of this invention made possible by the use of 
preformed filter-adsorber assemblies. The force re- 
quired to compress the fibers of an efficiently designed 
filter-adsorber assembly by packing of fibers into a 
housing is as high as about 68 kilograms for a 62 cm 2 
disc, or about 1.1 kg/cm 2 , requiring heavier, bulkier, 
and more costly housing construction. 

While the housing may be fashioned in a variety of 
configurations, the housing 11 of the exemplary separa- 
tion device 10 is preferably fashioned in two sections, 
i.e., an inlet section 15 and an outlet section 16. The inlet 
section 15 includes a circular inlet plate 20, and the 
inside surface of the circular inlet plate 20 defines a wall 
21 which faces the upstream surface of the filter- 
adsorber assembly 12. 

The inlet 13 delivers the fluid to an inlet plenum 22 
between the wall 21 and the upstream surface of the 
filter-adsorber assembly 12. In accordance with one 
aspect of the invention, the inlet 13 delivers the fluid to 
the inlet plenum 22 at or near the bottom of the housing 
11 as shown in FIGS. 1 and 2. 

The inlet may be variously configured. However, the 
inlet 13 of the exemplary separation device 10 includes 
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the filter-adsorber assembly 12. The wall 33 includes a 
plurality of generally concentric circular ridges 34 
which define concentric circular grooves 35. The ridges 
34 abut the downstream surface of the filter-adsorber 
assembly 12. The circular grooves 35 collectively de- 
fine an outlet plenum 36 which collects the fluid passing 
through the filter-adsorber assembly 12. The depth of 
the outlet plenum 36 is made as small as possible to 
minimize hold-up volume within the housing 11 with- 
out unduly restricting fluid flow. 

In accordance with another aspect of the invention, 
the wall 33 further includes a passageway such as a slot 
40 which communicates with the outlet 14 at or near the 
top of the outlet section 16. The slot 40, which collects 
fluid from each of the circular grooves 35 and channels 
the fluid to the outlet 14, preferably extends from the 
bottom to the top of the outlet section 16 along the 
vertical axis A. In the exemplary separation device 10, 
the width of the slot 40 remains constant but the depth 
of the slot 40, which is greater than the depth of the 
outlet plenum 36, increases from the bottom to the top 
of the outlet section 16 along the vertical axis A. Alter- 
natively, the height may be less than the diameter of the 
housing, the width may vary, or the depth may remain 



a longitudinal inlet ridge 23. The inlet ridge 23 extends 35 constant. For example, the slot may extend from the top 



along the outside surface of the circular inlet plate 20 
parallel to a diametrical axis A of the housing 11, which, 
in use, is positioned with the diametrical axis A oriented 
generally vertically. The upper end of the inlet ridge 23 
may be fashioned as a socket for receiving a hollow 40 
spike 24 which is used to pierce the bottom of a bag 
containing the fluid, e.g., a blood bag. The inlet 13 
further includes an inlet passageway 25 which opens at 
the upper end of the hollow spike 24, extends through 
the hollow spike 24 and the inlet ridge 23, and commu- 45 
nicates with the inlet plenum 22 at the bottom of the 
inlet section 15. 

The wall 21 of the circular inlet plate 20 includes a 
plurality of generally concentric circular ridges 26 
which define concentric circular grooves 27. The ridges 50 
26 abut the upstream surface of the filter-adsorber as- 
sembly 12. As shown in FIG. 2, the ridges 26 terminate 
in the lower portion of the inlet section 15, defining a 
passageway or access 30. The access 30 extends be- 
tween the inlet passageway 25 and each circular groove 55 
27, allowing fluid to flow from the inlet passageway 25 
to the circular grooves 27. Collectively, the circular 
grooves 27 and the access 30 define the inlet plenum 22, 
which distributes the fluid delivered by the inlet pas- 



of the housing along the vertical axis A a distance in the 
range from about 80% of the inside diameter of the 
housing. 

The outlet 14 may be variously configured. However, 
the outlet 14 of the exemplary depletion device 10 in- 
cludes a longitudinal outlet ridge 41 which extends 
along the outside surface of the outlet plate 31 parallel 
to the vertical axis A. The lower end of the outlet ridge 
41 may be fashioned as a tubing connector or as a socket 
for receiving a tubing connector or other apparatus. 
The outlet 14 further includes an outlet passageway 42 
which communicates with the slot 40 at or near the top 
of the housing 11, extends through the outlet ridge 41, 
and opens at the lower end of the outlet ridge 41. 

As blood starts to flow through the apparatus, filling 
it from the bottom and emptying at the top, air is dis- 
placed and flows towards and out of outlet passageway 
42. By careful design of the exemplary apparatus it has 
been possible to reduce, but not to eliminate completely, 
the situation in which some liquid reaches the area adja- 
cent to the outlet passageway 42 before all of the air is 
cleared from the inner parts of the housing assembly. In 
the absence of slot 40, this lagging air flow would carry 
some red cdl-containing suspension into the outlet pas- 



sageway 25 over the whole upstream surface of the 60 sageway42. Slot 40 allows the blood so carried to flow 



filter-adsorber assembly 12. To prevent aggregates and 
other large obstructions from blocking flow at or near 
the junction of the inlet passageway 25 and the inlet 
plenum 22 and, at the same time, to minimize hold-up 
volume in the housing 11, the depth of the inlet plenum 65 
22 is greatest at the bottom of the housing 11 and de- 
creases along the vertical axis A to a minimum value at 
the horizontal centerline of the housing 11. 



into the slot, where the air is harmlessly separated from 
the liquid suspension. The air then rises harmlessly to 
the outlet 14 ahead of the rising fluid level in the slot 40 
and is almost completely ejected before the liquid level 
reaches the top of the outlet plenum 36 and outlet pas- 
sageway 42. Thus, air is very efficiently cleared from 
the housing 11 of the exemplary depletion device 10 
according to the invention. For example, in a depletion 
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device which has an inside diameter of about 8.9 cm, an 
initial air volume of 36 cc, and a slot about 8 cm high, 
about 0.73 cm wide, about 0.2 cm deep at the bottom, 
and 0.33 cm deep at the top, the residual volume of air 
passing through the outlet after 1 or 2 cc of blood has 5 
passed through the outlet is estimated to be less than 
about 0.1 cc. 

In order to understand the importance of the slot and 
the flow passage configuration, the equivalent opera- 
tion of a conventional leucocyte depletion unit will be 10 
described. 

In conventional units, fluid enters at the top of the 
housing and exits at the bottom. The housing of such a 
unit is typically connected by plastic tubing between a 
blood bag upstream from the conventional housing and 
a transparent drip chamber downstream from the con- 
ventional housing and thence to the patient During 
priming, the housing along with the drip chamber is 
inverted and blood is forced through the conventional 
housing into the drip chamber. This has the disadvan 
tage that some pressure head is lost, but, more seriously, 
fluid reaches the exit of the conventional housing and 
enters the drip chamber while as much as 1 to 2 cc or 
more of air is still trapped in the conventional housing. 
Blood bank practice requires that the volume of air 25 
delivered to the collection bag be kept to the lowest 
possible value, even 1 or 2 cc being undesirable. 

The filter-adsorber assembly 12 preferably comprises 
a number of individually preformed layers as described 
below under the heading "Fabrication of Fibrous Ele- 
ments.'* During the development stage, housings were 
constructed for testing which incorporated the basic 
internal configuration described above, but in addition 
were variable with respect to the thickness of the filter- 
adsorber assembly. In this way, it was possible to test 
filter-adsorber assemblies varying in total thickness, In 
each case, the distance between the tips of the ridges 26, 
34 of the inlet and outlet sections was adjusted to be 
equal to the nominal total thickness of the filter- 
adsorber assembly. 

To provide an interference fit of the filter-adsorber 
assembly 12 within the housing 11, the filter-adsorber 
elements were cut from large pre-compressed slabs to a 
diameter about 0.1 to about 0.5% larger than the inside 
diameter of the cylindrical collar 32. The filter-adsorber 45 
elements were cut in such a manner as to maintain true 
right cylindrical form at their outer edges. This, cou- 
pled with the slight oversizing, provides good edge 
sealing, i.e., an interference fit, between the. outer edges 
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be held up within the device. Whereas the normal 
means calls for uniformly graduated pore size, continu- 
ously or in relatively small steps, the pore diameter of 
the preferred products of this invention change 
abruptly, by a factor of about ten, in the transition from 
the gel prefilter (first element) to the immediately adja- 
cent microaggregate filter (second element), thereby 
accomplishing a substantial reduction in the overall 
volume of the filter element. 

Needle punched webs are made using staple fibers, 
which for . synthetic fibers are usually derived from 
continuous filament by cutting or tearing the filament 
into lengths of usually about 3 to 6 cm. These straight 
lengths are laid onto a moving belt after suspending 
them in air, and the fibers are interlaced by reciprocat- 
ing multi-barbed needles. 

The fibers assume the form of irregular loops, circles, 
and spirals, interspersed with a variety of other irregu- 
lar shapes. Straight sections are few, and fewer sections 
still are straight for more than a fraction of a millimeter. 
A notable characteristic is that at least about 90% of the 
fibers depart for at least one portion of their length from 
the planar structure which characterizes other non- 
wovens, i.e., significant portions of the fibers of needle 
punched media are not parallel to the plane of the web. 
Gels appear to penetrate easily into this type of web, but 
to be effectively retained within the web, as may be seen 
by post-test microscopic examination. 

The structure of needle punched webs is in strong 
contrast with respect to fiber orientation when com- 
pared with non-wovens such as melt blown web, in 
which the fibers are essentially parallel to the plane of 
the web. 

Needle punched webs are generally thicker as made 
than is desired for gel removal, and for optimal use are 
hot compressed to a controlled smaller thickness. Fab- 
ric so made was discovered to be particularly effective 
in retaining gels. Further, such fabrics can be nearly 
filled with collected gel, yet allow free flow of blood to 
the downstream component of the system. 

While the gel prefilter does not recover microaggre- 
gates directly by filtration, the gels it retains may con- 
tain microaggregates, and these are efficiently retained 
along with the gels. 

The "type A" gel prefilters used in the examples of 
this invention comprise a needle punched web made 
using polyester PET fibers of average diameter about 23 
u,m, bonded by polyethylene isoterephthalate. Nominal 
weight is about 0.008 g/cm 2 . The fiber lubricant is re- 
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of the filter-adsorber assembly 12, made up of the van- 50 moved using a hot solution of trisodium phosphate and 



ous filter-adsorber elements, and the inner periphery of 
the housing 11. 

Fabrication of a Gel Prefilter Element 

A first element of those assembled into the above 55 
described housing is referred to as a gel prefilter. A 
proportion of PRC specimens contain gels, fat globules, 
or microaggregates which can clog filter media. The 
gels form a phase distinct from, and not miscible with, 
the blood plasma in which they are suspended. The 60 
state-of-the-art procedure for coping with clogging of 
filters is enlargement of the pore openings of the up- 
stream layer or layers, continuously or in relatively 
small steps, but this procedure is inefficient when ap- 
plied to the device of this invention, as a significant 65 
number of graduated pore size layers are required, and 
these tend to occupy a relatively large volume, and for 
this reason would cause an excessive volume of blood to 



detergent, and the web then thoroughly washed and 
dried prior to use. 

A needle punched web identical with the web de- 
scribed above was used as one of the components of the 
gel prefilter of U.S. Pat, No. 4,925,572. For use with 
PRC derived from freshly drawn blood which has rela- 
tively fewer gels and microaggregates, the same prefil- 
ter has been used, but compressed to a smaller thickness, 
as described below. 

Other gel prefilters that can be used in the devices of 
this invention include melt blown fibrous webs, particu- 
larly those having fiber diameters of from about 10 to 
about 30 u.m, and preferably those with fiber diameters 
of about 20 u.m. 

Fabrication of Preferred Microaggregate Filter 

In U.S. Pat. No. 4,925,572, three layers of prefiltra- 
tion are described. For use with fresh PRC, fewer pre- 
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filtration layers can be used, or indeed none at all need 
be used, with little or no risk of clogging. Among the 
Examples in accordance with this invention, we have 
used as the microaggregate filter a 6.5 mg/cm 2 layer of 
web of fiber diameter 3.2 jim followed by a 6.9 mg/cm 2 
layer of web of fiber diameter 2.9 jim in diameter. These 
are compressed to a voids volume of about 74% to 
about 84%. The fibers of both these layers are surface 
grafted to provide a CWST in the range of about 60 to 
about 70 dynes/cm. 

Fabrication of an Adsorption/Filtration Element 

Leukocytes are removed to only a small degree by 
the gel prefllter and microaggregate filter. The princi- 
pal contributor to leukocyte removal is the adsorption/- 
filtration element, which comprises preferably one or 
more hot compressed preforms of multiple identical 
layers of relatively small fiber diameter melt blown 
web. 



Preforming and Assembly of the Elements 

In a preferred filter of the invention, flow through the 
above elements is in the order in which they are listed, 
that is, gel prefllter, microaggregate filter, and then the 
adsorption/filtration element. The gel prefllter prefera- 25 
bly comprises about two to four layers, the microaggre- 
gate prefllter comprises preferably one to four layers, 
and the adsorption/filtration element generally com- 
prises one or more preforms, each comprising a number 
of layers. In a more preferred embodiment, the adsorp- 
tion/filtration element comprises two sets of multi-lay- 
ers, each comprising a different voids volume. Multilay- 
ers may be preferred for the adsorption/filtration ele- 
ment because the melt blowing process is such that 
making a single layer of the weight, thickness, fiber 35 
diameter and uniformity required is difficult. 

These multiple layers can be used as individual pre- 
formed layers assembled in the order noted, however, it 
is sometimes more convenient to fabricate them as sub- 
assemblies. In one preferred configuration of the gel 40 which the disc is cut. 



to hot compression is for this reason preferred; how- 
ever, serviceable elements could be made by hot com- 
pression followed by grafting. 
While the examples of this invention have used hot 

5 compression to form the integral elements which to- 
gether combine to provide prefiltration, gel removal, 
and adsorption, it would be feasible to form the integral 
elements by other means, such as resin bonding, and a 
device utilizing this or similar alternatives is within the 

10 scope of this invention. 

Melt blown fibers have been preferred for use in all 
but the first layer of these devices. Should finer melt 
blown or other fine fibers, for example, fibers made by 
mechanical fibrillation of larger diameter fibers or by 

15 other means, become available in the future, their use in 
elements for leucocyte depletion devices would be 
within the scope of this invention. 

Edge Sealing the Preformed Elements into the Housing 

20 The housing is preferred to be of generally disc form, 
or more rigorously stated, in part have the form of a 
right cylinder. The preformed elements are made also in 
right cylindrical form, of dimension about 0. 1 to about 
0.5% larger in diameter than that of the inner surface of 
the housing. When assembled, a good seal is obtained, 
with no detectable bypassing during service. 

In order to achieve good sealing, circular elements 
must have a truly right cylindrical form. That form is 
not achieved by all the means by which the elements 
can be cut to circular form; for example, an obvious 
means, stamping out a circle using a steel rule die, does 
not provide an acceptable outer seal. Instead, the disc 
must be cut to its finished diameter using means which 
achieve the geometry of a true right cylinder at the cut 
edges. This has been achieved in the practice of this 
invention by construction of a circular knife of the 
required diameter, which is rotated to cut a true right 
cylinder while holding gently but firmly in place the 
inner and outer surfaces of the precompressed slab from 
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prefllter, two layers of needle punched medium and one 
of melt blown medium are hot compressed together into 
a single preform, while in another two or more precom- 
pressed layers of melt blown web are used as separate 
layers. 

The values cited above and in the examples can be 
varied within limits while meeting the objective of this 
invention. To determine whether any particular varia- 
tion produces a fully equivalent product, tests are re- 



Circular housings may be adapted to a procedure in 
which a bag containing the collected PRC is attached to 
the filter aseptically, followed by application of pres- 
sure to the bag containing the PRC to force the PRC 
45 through the filter into a second collection bag. 

In an alternate procedure the filter and a second PRC 
collection bag are provided as part of the blood collec- 
tion set prior to attaching the set to the blood donor. 
When this procedure is used, the blood is drawn into the 



quired. Thus, it should be understood that, while the 50 first collection bag, that bag along with the filter and 



precise materials, fiber diameters, weights, densities, 
thicknesses and number of layers can be varied some- 
what while achieving equivalent or possibly even better 
results, that which is disclosed herein is intended as a 
guide to the design of a device meeting the stated objec- 55 
tives of this invention and that devices made with such 
variations fall within the scope of this invention. 

With the exception of the gel prefllter, all of the ele- 
ments are preferably surface treated to a CWST in 
excess of about 55 dynes/cm, but not in excess of about 60 
75 to about 80 dynes/cm, and more preferably from 
about 60 to about 70 dynes/cm. 

Hot compressed element preforms made using melt 
blown fibrous mats which have been surface modified 
to raise their CWST values by 5 or more dynes/cm are 65 
palpably better with respect to firmness and resistance 
to fraying when compared with discs made by hot com- 
pression followed by radiation grafting. Grafting prior 



the auxiliary bags are placed into the centrifuge bucket, 
following which the assembly is spun to make the PRC. 
For use in this procedure it is desirable for reasons of 
economy to use as small as possible a bucket. In order to 
make this possible, it may be preferred that the filter 
have a form other than circular, for example, rectangu- 
lar. Rectangular filters can be sealed by an interference 
fit at their outer edge into a rectangular housing, how- 
ever, they may in addition or alternately be preferred to 
have a peripheral compression seal. 

CWST of the Elements 

The gel prefllter (first) element may have a low 
CWST without harm, and indeed may function better in 
that condition. The results of tests in which sufficient 
PRC is run through a device to cause clogging or near 
clogging, followed by dissection, inspection, and testing 
of the pressure drops of the individual layers, indicate 
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that little if any improvement can be accomplished by -continued 

increasing the CWST of this layer. The microaggregate and = 4 _ 2.9 or (0 M5 ^a-i 

filter element and the adsorption/filtration element are ^ 1-38/4/ A/ or ^ 
preferably modified to a CWST of between about 55 to 

about 80 dynes/cm, and more preferably to between 5 where 

about 60 and about 70 dynes/cm, and still more prefera- L= total length of fiber per gram, 

bly to between about 62 and about 68 dynes/cm. d= average fiber diameter in centimeters, 

and A/= fiber surface area in cm 2 /g. 

Red Cell Recovery If ^ 0 f d m ^ tne un j ts 0 f A/become square 

No significant changes in hematocrit were detected 10 meters/gram (M 2 /g), which will be used hereinafter, 
when the hematocrit values for the blood in the bag For fibers other than PBT, their density is substituted 
were compared with the effluent from the devices in for that of PBT. 

accordance with this invention. A second characteristic necessary to describe a po- 

Some of the incoming blood or PRC is lost due to rous medium adequately to permit it to be reproduced is 
hold-up within the depletion device. That loss is re- its pore diameter (Dp). We have used a modified OSU- 
ported as blood hold-up volume. F2 test for this purpose; this test and its mode of use are 

described in the following section. 
Characterization of Porous Media by Physical characteristics which describe a porous me- 

Characteristics ^ ^ium include apparent (bulk) density (p) in grams/cubic 

Formulae have been proposed to predict pore diame- centimeter (g/cc), the fiber density (also in g/cc), the 
ter. These formulae typically use fiber diameter, for thickness (t) of the elements of the medium, specified in 
example as determined by BET testing; bulk (apparent) centimeters (cm), the cross sectional area available for 
density; and fiber density. One such, for example, calcu- flow through the filtering element in square centimeters 
lates the average distance between fibers. However, the 25 ( 62 cm2 for ^ of the examples), and the CWST in dy- 
average distance between fibers can not be a meaningful nes/cm. Specifying these parameters defines a filter or 
predictor of performance as in any liquid flow path it is filter-adsorber element of predictable behavior when 
the largest pore or pores encountered which control used for leucocyte depletion. 

performances, and this is particularly true of deform- Processing B lood Using the Products of this Invention 
able "particles" such as leucocytes. In a fibrous mat 30 

such as made by melt blowing, the fibers are laid down In current blood banking practice, where platelet 
in a random manner, and the pore size distribution is concentrate (PC) is desired to be recovered, the se- 
quite wide. Other means for forming fibrous mats, e.g., quence of operation is: 

air laying, or formation on a Fourdrinier screen, also a. Perform venipuncture and draw about 400 to about 
produce wide pore size distributions. In these circum- 35 450 ml of blood into a sterile collector bag m which an 
stances, the average distance between fibers is clearly a anti-coagulant has been preplaced. This collection bag 
poor predictor of performance. A variety of other for- * attached ^ ^ing to two other bags via a tee connec- 
mulae have been proposed to allow calculation of pore tion, these bags denoted respectively as the platelet bag 
diameters from data on fiber diameter, fiber density and the plasma bag. 

bulk density, but applicants are unaware of any formula 40 b - ™ e c °« ec * r ba * 1S to P lac f d In a centnfuge and 
that has proved useful for calculating a priori the efTec- '« rabout 3 mmutes at conditions which ^develops 
tive pore diameter of filters for liquid service. abo * ^-Vlu' ^ tf ? f V> 

Measurement of fiber surface area, for example by gas d "™|^<* the red cells are concentrated, forming 
adsorption-popularly referred to as "BET** measure- 45 ** P J* C at the bottom of the bag. . 
ment-is a useful technique, as the surface area is a 45 . ° ^ f ^ » ^K^?il^lvS 
direct indication of the extent of fiber surface available * de "* ed « an T^'^ 
to remove leucocytes by adsorption. In addition, the vers ™ * de ™ ted "? a f™£ : ™ e . e *; 

surface area of melt blown PBT webs can be used to P~ squeezes the bag ^ W to about 

calculate fiber diameter. Using PBT, of density U, so 

g^cc as an example. containing the plasma and most of the platelets to be 

Toul volume of fiber in gram- 1/U8 oc. decanted into the platelet bag, and leaving in the collec- 

tion bag about 170 to about 250 ml of PRC It is this 
and this volume is equal to the fiber cross sectional area 55 PRC which *> » a separate step, processed by the filter 
multiplied by its length, hence of this invention in order to reduce its leucocyte con- 

tent 

d. The remaining steps in the blood processing as 
ff ^ £ <* -i_ generally practiced are preparation of plasma, or of 

$0 platelet concentrate and plasma. These are not de- 
Surface area of the fiber is scribed, as they are not pertinent to this invention. 
Surface area of the tiber is fa ahcmatc ^ of procedure , for example those 

vdL=Ar O) designated as Adsol or SAG-M, the procedure of steps 

1 , 2 and 3 is similar except that a harder (higher G) spin 
65 may be used, and after decanting the supernatant liquid 
j j in an expresser, the red cells are resuspended in a physi- 

Dividing (l) by (2) j- « X ^ A/ ©logical solution containing saline and an anti -coagu- 

lant, forming the PRC. 
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In the practice of this invention, the collected PRC 
prepared by these or similar processes is as the next step 
passed through the filter of this invention. This may be 
done in a separate step in which a filter and second 
collecting bag are aseptically attached to the PRC bag, 5 
and the PRC is forced, for example by a pressure cuff 
developing a pressure of about 0.4 Kg/cm 2 , to pass 
through the filter into the second collection bag. Alter- 
natively the filter and the second collection bag* may be 
attached to the lower end of the whole blood collection 10 
bag prior to collecting the blood from the donor; then, 
after the supernatant fluid in the blood collection bag 
has been removed by centrifuging and decanting, and 
while the bag is still in the expresser, the PRC is trans- 
ferred through the filter into the second collection bag 13 
using the pressure provided by the expresser. 

EXAMPLES 

All tests run used blood drawn from human volun- 
teers and processed using either Adsol or CPDA-1 
anticoagulant within 6 hours in accordance with the 
standards of the American Association of Blood Banks 
to provide one unit of PRC. Hematocrits of the PRC 
were recorded and were with few exceptions in the ^ 
range of about 70 to about 80%, while hematocrits of 
Adsol processed blood were generally in the range of 
about 55 to 65%. Leucocyte counts of the PRC prior to 
processing were in the range of about 3500 to about 
17,000 per microliter (fiL). 30 

Priming time is defined as the time required to fill the 
test housing with fluid. 

Bag (i.e., influent) leucocyte counts were determined 
using a Model ZM Coulter Counter. Leucocyte counts 
are reported as number per microliter (ftL), The con- 35 
ventional centrifugal method was used to determine 
hematocrits. 

Use of automatic counters for the leucocyte depleted 
filter effluents provides incorrect results because auto- 
matic counters are designed to be operated in the range 40 
of normal leucocyte content of whole blood and of 
normal PRC. Thus, the normal operating range of auto- 
matic counters is about 10 3 to about 10 7 times the levels 
reached in the examples herein; as a consequence, auto- 
matic counter data at these low levels is quite useless. 45 

A method to assay the degree of depletion of leuco- 
cytes to the very low levels of this invention, i.e., reduc- 
tion of leucocyte count by a factor between about 10 5 to 
about 10 7 (99.999 to 99.99999% efficiency) has become 
available only recently. The method was developed, in 50 
a cooperative project with Pall Corporation (Pall), by 
the laboratory of the American Red Cross (ARC). Pall 
supplied the necessary high efficiency filters, while the 
ARC developed the assay method. This assay method, 
subsequently routinely practiced in the Pall blood labo- 55 
ratory, is described below. 

Zeta potential was determined using a conventional 
streaming potential apparatus. 

The elements used in the examples were right circular 
discs, about 88.9 mm in diameter at assembly. The 60 
stacked layers of elements, with a total thickness of t cm 
were assembled into a housing as described above, with 
a clearance of about t cm between the faces of the two 
plenums, i.e., between the tips of the ridges 26 on the 
inlet plate 20 and the tips of the ridges 34 on the outlet 
plate 31, as shown in FIG. 1. After piercing the blood 
bag, leucocyte content was determined in the manner 
described in the preceding part of this section. 
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Losses of red cells due to adsorption were, unless 
noted, too small to be detected. For the examples of this 
invention losses due to hold-up within the filter housing 
were about 30 cm 3 of PRC. 

Pore diameters of filter media were determined using 
the modified OSU F2 method and are reported as the 
diameter of hard particle at which about 99.9% of the 
incident particles were removed. The F2 test used in 
making pore size measurements is a modified version of 
the F2 test developed in the 1970's at Oklahoma State 
University (OSU). In the OSU test, a suspension of an 
artificial contaminant in an appropriate test fluid is 
passed through the test filter while continuously sam- 
pling the fluid upstream and downstream of the filter 
under test. The samples are analyzed by automatic par- 
ticle counters for their contents of five or more prese- 
lected particle diameters and the ratio of the upstream 
to downstream count is automatically recorded. This 
ratio is known in the filter industry as the beta ratio. 

The beta ratio for each of the five or more diameters 
tested is plotted as the ordinate against particle diameter 
as the abscissa, usually on a graph in which the ordinate 
is a logarithmic scale and the abscissa is a log 2 scale. A 
smooth curve is then drawn between the points. The 
beta ratio for any diameter within the range tested can 
then be read from this curve. Efficiency at a particular 
particle diameter is calculated from the beta ratio by the 
formula: 

Efficiency, percent = 10(1 - 1/beta) 

As an example, if beta=1000, efficiency -99.9%. 

The removal rating cited in the examples presented 
herein is the particle diameters at which beta =1,000, 
hence, the efficiency at the removal ratings cited is 
99.9%. 

In the modified F2 test, efficiencies in particles in the 
range of from about 1 to about 20-25 ;im were deter- 
mined using as a test contaminant an aqueous suspension 
of AC fine test dust, a natural silicious dust supplied by 
the AC Spark Plug Company. A suspension of the dust 
in water was vigorously mixed for three weeks until the 
dispersion was stable. Then, prior to use for measuring 
the pore size characteristics, the suspension was passed 
through one of the gel prefilters of this invention, 
thereby removing oversize particles which would oth- 
erwise collect on the filter surface and cause flow to 
stop. Pore diameter values below 1 ftm were obtained 
by extrapolation per the following tabulation: 



Beat Value at 1 jim 


Pore Diameter (fim) 


1000-2000 


1 


1200-1800 


0.9 


1800-2500 


0.S 


25OO-W00 


0.7 



Test flow rate was 100 liters per minute per square foot 
of filter area and each pore size measurement as re- 
ported is the average of four tests. 

The needle punched web used in the examples was 
scrubbed in order to remove the fiber lubricant, and 
then dried. 

Preform thickness was measured using a 7.7 cm diam- 
eter anvil and with an applied pressure of 4.3 g/cm 2 . 

Unless otherwise noted all of the elements used in the 
examples were right circular discs of diameter 88.9 mm 
at assembly. Properties of sub-sections of composite 
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discs are listed in the order in which the blood flow 
through them. 

Gel prefilter type A consisted of three layers. The 
two upper layers consisted of 8±1 mg/cm 2 of 23 jim 
average fiber diameter PET needle punched web, while 5 
the third and last layer consisted of a 7.7 mg/cm2 20 Jim 
average fiber diameter PBT melt blown web. The first 
of the three layers was hot calendered to about 0.89 cm 
thick by passing the web between a pair of moving belts 
in an oven in order to heat the web to about 165* to 10 
about 170* C, following which it passed through calen- 
dering rolls. The second and third layers were hot cal- 
endered in assembly to about 0.10 cm thick. All of the 
above were then hot calendered together to a thickness 
of about 0.13 cm. The resulting gel prefilter consisted of 15 
3 integrated layers of approximate density, respectively, 
0.14, 0.19, and 0.32 g/cm 2 , the last layer having a pore 
diameter of about 20 to about 30 u,m. 

Gel prefilter type B consisted of four adjacent layers 
of about 20 u,m diameter fiber melt blown web each 20 
separately hot calendered in the manner described 
above to obtain the characteristics listed below: 



Weight 


Thickness 


Voids 


mg/cm 2 


cm 


Volume, % 


3.1 


0.25 


91 


4.1 


0.25 


88 


5.7 


0.25 


84 


7.7 


0.25 


78 
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Although the thickness of the separately measured 
layers of the type B prefilter add up to about 0. 1 cm, the 
total thickness when the four were stacked on each 
other was about 0.08 cm. The last layer had a pore 
diameter of about 20 to about 30 um 

All type B gel prefilters were made using PBT fibers 
with no surface modification. 

The development procedure went through stages at 
which first a laboratory (L) method was used to achieve 40 
hot compression, and later a production (P) method was 
used to achieve the same purpose. In the L method the 
necessary microaggregate filter and adsorption filter 
layers were assembled as a stack and the whole com- 
pressed between Teflon lined aluminum alloy plates at 45 
165° C. for about 40 seconds. In the P method a similar 
stack was passed between two moving Teflon coated 
belts heated to about 165 to about 170° C. for a period 
of about 30 seconds, following which they were passed 
through a pair of calender rolls to achieve the desired 50 
density or thickness. 

The filter effluents were assayed to determine leuco- 
cyte content using a "Ficoll" method, alternatively 
referenced hereinafter as the "ARC" method, in which 
the leucocytes are separated in concentrate form en- 
abling a high proportion of all of the leucocytes present 
to be counted directly. This method was developed in 
the laboratory of the American Red Cross. Prior to this 
development no assay procedure was available which 
was capable of counting the very low levels of leuco- 
cytes, less than about 10 2 to about 10 s per unit of PRC, 
which are obtained using the products of this invention. 
The Ficoll Assay is described below: 
1.0 Purpose 

1.1 This test method is used to separate leucocytes 
from filtered packed red cells and determine the 
log efficiency of a leucocyte depleting filter. 
2.0 Materials and Equipment 
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one unit of fresh PRC or of whole blood 

5 mL disposable polypropylene test tubes with caps 

600 mL transfer bags 

filter 

pressure infusor 

hemastat clamps 

500 mL graduated cylinder 

Ficoll solution (see section 4.1) 

60 mL disposable polypropylene syringe 

plasma extractor 

Sorvall RC-3C General Purpose Refrigerated Centri- 
fuge 

blood bank pipets 

vacuum suction apparatus 

1% ammonium oxalate solution (see section 4.3) 

aliquot mixer 

Neubauer hemacytometer 

plain hematocrit tubes 

Fluorescent microscope with phase contrast and 20 

and 40 X objectives 
250 mL disposable polypropylene centrifuge tubes 
15 mL disposable polypropylene centrifuge tubes 
hematology control: normal level and low abnormal 
level — Counter-Check TM , Diagnostic Technol- 
ogy, Inc. 

Acridine orange fluorescent stain (see Section 4.4) 
3.0 Procedure 

3.1 Mix the PRC unit and withdraw a sample in a 5 
mL tube for use to count influent leucocytes. 

3.2 Connect the pre-weighed 600 mL transfer bag to 
the filter outlet, and the filter inlet to the blood bag. 

3.3 Prime the filter with PRC using a pressure infusor 
set at 300 mm Hg. 

3.4 When flow has begun, lower pressure to 200 mm 
Hg for remainder of filtration. 

3.5 When filtration is complete, turn pressure ofT, 
clamp the collection bag and remove it from the 
filter. 

3.6 Determine the effluent volume by weighing the 
collection bag, subtracting the empty bag weight, 
and dividing by 1.08 (the density of PRC). Record 
this volume. 

3.7 Adjust the volume to 300 cc by discarding the 
excess, or by adding saline, then remove the sy- 
ringe and seal off the bag. 

3.8 With a graduated cylinder, measure 300 cc of 
Ficoll solution and add it to the collection bag 
using a 60 mL syringe attached to the transfer bag 
tubing. 

3.9 Vigorously mix the Ficoll-blood solution and 
place the bag in a plasma extractor. 

3.10 Clamp the tubing and remove the syringe. 

3.11 Apply the extractor clamp and let the blood 
settle for 30 minutes, 

3.12 Carefully express the upper layer into a 250 mL 
centrifuge tube by opening the hemastat clamp. Do 
not disturb the interface while expressing the maxi- 
mum amount of Ficoll. 

3.13 Release the extractor clamp and repeat step 3.8 
using a sufficient volume of Ficoll to fill the 600 ml 
bag, then repeat 3.9, 3.10, 3.11, and 3.12. 

3.14 Centrifuge the tubes at 775 g for 15 minutes at 
room temperature in the Sorvall TM centrifuge. 

3.15 When spin is complete, use a blood bank pipet 
attached to a vacuum flask to extract and discard 
the supernatant leaving a red pellet. 

3.16 Resuspend the pellet in 250 mL of 1% ammo- 
nium oxalate. 
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3. 17 Allow the suspension to mix on an aliquot mixer 
for 10 minutes to lyse the red blood cells. 

3.18 Centrifuge the tube at 432 g for 10 minutes at 
room temperature and discard the supernatant as 
before. 

3.19 Resuspend the pellet in 2-3 mL of ammonium 
oxalate using a blood bank pipet to draw the pellet 
up for mixing. Transfer this suspension to a 15 mL 
polypropylene centrifuge tube combining all pel- 
lets from one blood unit. 

3.20 Fill the tube to the 15 mL mark with the \% 
ammonium oxalate solution, mix, and allow tube to 
set for 10 minutes. 

3.21 Spin the 15 mL tube in the centrifuge at 775g for 
10 minutes at room temperature. 

3.22 Decant the supernatant down to the 0.5 mL line 
on the 15 mL tube. Carefully resuspend the pellet 
using a pipetter. Add .05 mL of Acridine Orange 
stain to the suspension, and weigh and record the 
tube weight to determine the final volume of the 20 
suspension. 

3.23 Leucocyte Counts: All counts are performed 
manually. 

3.23.1 Control Counts 
3.23.1.1 Control counts are performed daily by 
making a 1:100 dilution of each control in 1% 
ammonium oxalate. 

3.23.1.1.1 Add 0.01 mL of the control to 0.99 
mL of \% ammonium oxalate using an ad- 
justable pipetter. Mix well and let the dilu- 
tion sit for at least 10 minutes to lyse the red 
blood cells, then add 0.05 mL of Acridine 
Orange. 

3.23.1.1.2 Charge each side of a hemacytome- 
ter using a plain capillary tube, taking care 
not to overload or underload the chamber. 

3.23.1.1.3 Allow the hemacytometer to sit in a 
moist atmosphere (covered petri dish with 
moistened filter paper in bottom half of the 
dish) for ten minutes. 

3.23.1.1.4 Count the number of leucocytes in 40 
the nine large squares on both sides of the 
hemacytometer using the phase contrast 
UV microscope. 

3.23.1.1.5 Record the counts from each side 
(each nine squares) of the hemacytometer. 

23.1.1.6 To determine the number ofleucocy- 
tes/^L, use the following formula: 



25 



30 



35 



45 



leucocytes/^I < 



total cells counted 
total squares counted 



X dilution X 10 



50 



(if 18 large squares are counted, the total 
number of cells counted X 56= cells/u-L) 
3.23.2 Influent Leucocyte Counts 

3.23.2.1 Influent leucocyte counts are performed 55 
using the same procedure as for the control 
counts except that a total of 36 large squares 
(two hemacytometers) are counted. 

3.23.2.2 To calculate the leucocytes/jtL, use the 
same formula as above. If 36 large squares are 60 
counted, the total number of cells X 28- 
=celIs/fiL. 

3.23.2.3 The number of leucocytes/fiLXlOOO 
equals the number of leucocytes/mL. 

3.23.2.4 Multiply the. number of leucocytes/mL 65 
by the effluent volume to determine the total 
leucocytes in the prefiltration sample (note: 
the effluent volume is used in this calculation, 



28 

not the influent volume, because log reduction 
is a direct volume/volume comparison and 
does not take into account the hold-up vol- 
ume). 

3.23.3. Effluent Leucocyte/Counts 

3.23.3.1 Effluent leucocyte counts are performed 
using he undiluted final ammonium oxalate 
suspension from step 3.24. 

3.23.3.1.1 Charge the hemacytometer and 
count as before. 

3.23.3.1.2 If the number of cells counted on 
both sides of the hemacytometer is 30 or 
less, continue counting hemacytometers 
until 30 cells or 5 hemacytometers are 
counted. 

3.23.3.2 Determine the total leucocytes in the 
post-filtration sample as follows: 

3.23.3.2.1 Divide the effluent volume by the 
volume of the final suspension to determine 
the concentration. 

3.23.3.2.2 Use the following formula to calcu- 
late leucocytes/fiL: 



leucocytes/fiL — 



toul cells counted 1 
total squares counted" concentration X 10 



3.23.3.2.3 The number of leucocy- 
tes/uXXl000 equals the number of 
leucocytes/mL. 

3.23.3.2.4 Multiply the number of leucocy- 
tes/mL by the effluent volume to get the 
number of leucocytes in the postfiltration 
sample. 

3.23.3.2.5 The Ficoll procedure gives a nomi- 
nal 53% yield of leucocytes, thus the num- 
ber from the step above must be divided by 
0.53 to determine the total leucocytes in the 
postfiltration sample. 

3.24 Determine the log reduction by dividing the 
total number of leucocytes in the prefiltration sam- 
ple by the total number of leucocytes in the postfil- 
tration sample and taking the log of this quotient. 
4.0 Supplementary Information 

4.1 Ficoll Formula 
100.0 g Ficoll* 400 DL 

20.0 g Bovine Serum Albumin 

2000.0 mL Stock EBSS (see below) 
Mix the above ingredients in a 2L volumetric flask and 
warm to 37' C. while stirring. Filter solution through a 
1.2 fim filter disc and then through a 0.45 fim filter disc. 
Store at 4* C 

* Ficoll 400 DL is a dialyred, hydrophilizcd, synthetic polymer of 
sucrose with a molecular weight of approximate 400,000 available from 
Sigma Chemical Co. 

4.2 Stock EBSS Formula 

200.0 mL Earle's Balanced Salt Solution (10X ) 

1800.0 mL deionbed H2O 

40.0 mL Hepes Buffer Solution 
Mix the above ingredients and store at 4* C. Warm to 
room temperature prior to use. 

4.3 Ammonium Oxalate Formula 
10.0 g Ammonium Oxalate 
0.10 g Thimerosal 

0.43 g KH2P04 

0.57 g Na2HP04 
Mix the above ingredients in a 1L volumetric flask and 
dilute to 1L with deionized water. Check the pH and 
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adjust to 6.8 if necessary. Store at 4* C. Warm to room 
temperature prior to use. 
4.4 Acridine Orange Stain Formula 

4.4.1 Stock Acridine Orange (1000X solution): 
6.69 mg Acridine Orange/ml of DI water 
Store in the dark at 2*-5* C. 

4.4.2 Working Acridine Orange (10X solution): 
dilute Stock Acridine Orange with Stock EBSS 

(see 4.2) 

good for 1 month if stored in the dark at 2*-5' C. 
The above described assay method has a nominal 
recovery efficiency of 53% of the leucocytes actually 
present in the filtered PRC. The consistency of the 53% 
figure is about + 15 to —25%; however, the log reduc- 
tion calculated is affected in only a minor way by these 
deviations when a single test is run, and consistency is 
improved by running four or more tests on each filter 
tested. 

The leucocyte removal efficiencies obtained for the 
products of this invention using the ARC assay proce- 
dure can be stated in several alternate ways. Using as an 
example a unit of PRC containing 10 3 leucocytes in the 
total filtrate, and a value of 10 9 leucocytes contained in 
an equal volume of the PRC prior to filtration, then the 
ratio of effluent content/influent content . is 
10 3 /10 9 = 10~ 6 , and efficiency of leucocyte removal can 
be reported as: 

(a) 100(l-10- 6 )=99.9999% or 

(b) leucocyte content is reduced by a factor of one 
million (1/10-6= 10 6 ) or 

(c) log reduction =—6 

A convenient method is to use the term log reduction 
and omit the minus sign, since minus is inferred by the 
term "reduction". This nomenclature is widely used, 
and we will use it when reporting efficiencies hereinaf- 
ter. 

Examples 1-6 were performed in the ARC laboratory 
using preformed filter elements prepared in the inven- 
tors' laboratory by Pall Corporation personnel using 
materials and procedures conceived and developed by 
the inventors with no input from ARC. ARC's contri- 
bution to this part of the development was confined to 
developing and initially performing the Ficoll test on 
filters developed and made by Pall, and then reporting 
test results to the Applicant. Later the Ficoll test was 
performed in Pall's laboratory using Pall personnel. 

This group of examples consisted of a single preform 
made using 2.6 fim fiber diameter melt blown PBT web, 
hot compressed using the L (laboratory) technique de- 
scribed above. No prefiltration was used. The tests were 
run using 47.6 mm diameter discs, assembled into Pall 
made housings of slightly smaller diameter. Each test 
was run using one quarter of a unit of fresh PRC of 
hematocrit 50 to 55%. Flow rate of 4 to 8 cc per minute 
was obtained at a pressure of 40 inches of fluid head. 
The resulting data for these examples is listed in Table 1. 
When plotted, 5 of the 6 points fall on or near to a 
straight line represented by the equation 



This equation provides guidance for selecting the 
densities of PBT filters which have a desired average 
log reduction between about 4.5 to about 7; however, 
filters with log reduction in the upper part of the range, 
with voids volumes less than about 74% to about 78%, 
may become clogged prior to passage of a single unit of 
PRC, consequently gel, microaggregate filters, or mul- 
tilayers may be required to prevent occasional clogging. 

In example 7, ten discs with a pore diameter of 0.9 fim 
duplicating those of Example 4, except 88.9 mm in di- 
ameter, are assembled into an 88.6 mm diameter housing 
with ridge to ridge depth of 0.439 cm. Primirfg is ac- 
complished in 50 to 100 seconds at a pressure of 0.4 
Kg/cm 2 , and one full unit of fresh PRC of hematocrit of 
70 to 80% derived from blood collected into CPDA-1 
anticoagulant is passed through each at a pressure of 
0.27 Kg/cm 2 . The average time to pass one unit 
through five of the ten discs ranges from 15 to 25 min- 
utes. The average log reduction is approximately 6.4. 
Flow in the other five of the ten tests will fall within a 
2 hour period to less than 0.7 cc/min, and these tests are 
then discontinued. 

In Example 8, ten integral preformed discs duplicat- 
ing those of Example 7 are assembled together with a 
type A gel prefilter into an 88.6 mm diameter housing 
with ridge to ridge depth of 0.569 cm, and one unit of 
fresh PRC will be passed through each. The total vol- 
ume of one unit of PRC is passed at a pressure of 0.27 
Kg/cm 2 in 15 to 25 minutes. The average log reduction 
is approximately 6.4. 

In Example 9, ten discs duplicating those of Example 
7 are assembled together with a type B gel prefilter into 
an 88.6 mm diameter housing with ridge to ridge depth 
of 0.519 cm, and one unit of fresh PRC is passed 
through each in the same manner as in Example 7. The 
total volume of PRC is passed in 15 to 25 minutes. The 
average log reduction is approximately 6.4. 

In Examples 8 and 9 the addition of the type A and B 
prefilters will make clogging less likely than would be 
the case if they were not used, as in Example 7. 

Example 10 is prepared in the same way as Example 
9, except that the adsorption/filtration element is inte- 
gral with a microaggregate filter, formed by including 
two layers of media of larger fiber diameter in the up- 
stream side of the lay-up, followed by hot compression 
to obtain a preformed integral element. Specifically, the 
uppermost layer is made using 3.2 fim diameter fibers in 
the form of a mat of weight 0.0065 g/cm 2 , and the adja- 
cent layer is made using 2.9 fxm diameter fiber of weight 
0.0069 g/cm 2 , while the balance, the adsorption/filtra- 
tion element consists of multiple layers, all of fiber di- 
ameter 2.6 /im. Total weight is 0.130 g/cm 2 compressed 
to a voids volume of 76.5% (density=0.324 g/cc) and 
thickness of 0.439 cm. The filter so made will possess 
capability for microaggregate removal, and be more 
resistant to clogging, as would otherwise be caused by 
the occasional specimen of donated blood which con- 
tains an unusually high content of microaggregates. The 
properties of the filter of Example 10 with respect to 
efficiency of leucocyte depletion and blood transit time 
are not significantly altered from those of Example 9, as 
the fiber surface area of Example 10 is reduced from 
where p is the density in grams/cc, and the weight of 65 that of Example 9 by only about 1%. The pore sizes 
the adsorption/filtration element is obtained *>y F2 « essentially equal for the two 

examples. Blood hold-up volume withm the voids of the 
(0.5p-0.029)g/cm 2 (2) gel prefilter, the microaggregate prefilter, and the ad- 
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sorption/filtration element are, respectively, 3,9 cc, 1.6 
cc, and 19.1 cc for a total of 24.6 cc. 

Examples 11 to 14, summarized in Table 2, illustrate 
the use of equations (3) and (4) set forth above to calcu- 
late the manner in which filter assemblies may be made 
which have lower efficiencies, but which during filtra- 
tion pass PRC at a lower pressure drop, making it possi- 
ble to use gravity to induce flow at a satisfactory rate 
when processing blood with relatively high hematocrit. 



It was previously thought that the use of voids vol- 
umes much below about 74% would pass PRC more 
slowly and thus would tend to clog with higher fre- 
quency. However, another surprising feature of this 
invention is that voids volumes of 70% were found to 
be quite suitable and efficient, and voids volumes as low 
as 60% may be useful for some special applications. 
When lower voids volumes are utilized, it is found that 
it is the combination of voids volumes with other fac- 



All contain integral elements combining microaggre- 10 tors, i.e., the number of multilayers in each section, 
gate elements with adsorption/filtration elements, with rather than a particular voids volume by itself, that 
the fibers surface modified to a CWST of 60 to 70 dy- produces an element that is suitable in carrying out the 
nes/cm, and preferably 62 to 68 dynes/cm. The device instant invention. 

of Example 11 also incorporates a type B gel prefilter. While the examples all deal with PRC, generally 
Other variations of density and thickness are possible. 15 equivalent results will be obtained when anticoagulated 
All of the Examples 1 1-14 can be made with a higher whole blood is used. 

density (i.e. lower voids volume), while retaining equal An extraordinary and very surprising feature of this 
or better leucocyte removal efficiency. Thus, Example invention is the ability of red blood cells to pass through 
15 is made in the same manner as Example 11 except a filter of pore diameter less than 1 >tm without apparent 
that the voids volume is changed to 76.5%. The result- 20 injury and no apparent losses. The ability to use such 
ing log leucocyte reduction will be intermediate be- small pored filters was not anticipated, and was seen 
twcen 6 and 6.5, and the blood hold-up volume within only as a very unlikely possibility meriting exploration 
the element is reduced by about 10%, Similarly, Exam- in the absence of other approaches to the preferred goal 
pie 16 is the filter of Example 12 with the voids volume of 100,000 to 1,000,000 fold reduction of leucocyte con- 
decreased from 80,4 to 78.5%, with log reduction be- 25 tent in a filter so small that red cell loss due to hold-up 

is less than 10% of the average volume of a unit of PRC. 

Red cell loss can be reduced by passing saline post 
filtration into or through the filter. Passing a volume 
about equal to that of the filter helps to reclaim blood. 



tween 5.5 and 6, and blood hold-up volume reduced by 
about 10%, and Example 17 is the filter of Example 13 
with voids volume decreased from 82.4 to 80.4%, with 



log reduction between 5 and 5.5, and with blood hold- 
up volume decreased by about 10%. Example 18 is the 30 It is generally a less desirable procedure to flush the 



filter of Example 14 with voids volume decreased from 
84.3 to 82.4%, with log reduction between 4.5 and 5, 
and with blood hold-up volume decreased by about 
11%. 

The void volume of each of Examples 16, 17, and 18 
could be further decreased, obtaining in this way equal 
or higher efficiency along with still lower blood hold- 
up volume compared with Examples 16, 17, and 18. 

Example 19 is essentially the filter of Example 10 



filter with larger volumes of saline, as this undesirably 
increases blood volume and may reduce efficiency by 
flushing out some white cells. Use of saline requires 
manipulation which is relatively costly in terms of la- 
35 bor, while at the same time compromising sterility of 
the red cell concentrate. For these reasons, small hold- 
up volume, with correspondingly small red cell loss, is 
very desirable, as it obviates the need for using saline. 
The adsorption/filtration elements described in the 
with voids volume decreased further. A type B prefilter 40 examples of this invention all comprise a nonwoven 
was used in this construction in order to minimize the web of average fiber diameter 2.6 jim. Of the various 
chances of clogging. Immediately downstream of the media available to the inventors, this was selected be- 
prefilter was a section consisting of nine layers, all of cause it can be made in large quantity with very repro- 
fiber diameter 2.6 ^m, with a CWST of 66 dynes/cm ducible properties. Should smaller fiber diameter webs 
and a total weight of 0.054 g/cm 2 , compressed to a 45 become available in the future, or if such exist elsewhere 
voids volume of 77% (density =0.32 1 g/cc) and a thick- 
ness of 0.168 cm. Another section, downstream of this 
one, consisted of 20 layers of the same type of fibers, 
however, compressed to a lower voids volume. The 
total weight of this section was 0.118 g/cm 2 , voids 50 
volume was 70% (density =0.414 g/cc), and thickness 
was 0.285 cm. When tested with blood in accordance 
with the previous examples, this combination gave a 
leukocyte reduction of 6 log, and a total filtration time 
of 32 minutes. 
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at this time, these may be adapted by one versed in the 
art of filter development to be used in the manner de- 
scribed above possibly with advantage. A product so 
developed would fall within the scope of this invention. 

Products resembling and similar in function to those 
of this invention may be made using coarser fibers. Such 
a product may perform similarly in a general way to the 
product of this invention, and would fall within the 
scope of this invention. 

Similarly, other materials and methods of surface 
modification may be used to achieve similar results, but 
these also would be within the scope of this invention. 



TABLE 1 



Adsorption/Filtration Element Only (No Prefiltration) - 
2.6 urn dta. fiber 



Example 

No. 


No. 
of 
Tests 


CWST 
dynes/ 
cm 


Blood 
hold-up 
volume, 
cc" 


Zeta 
Potential 
millivolts 


Weight, 
g/cm 2 


Thick- 
ness, 
cm 


Density 
g/cc 


Voids 
Volume, 
% 


Pore 
dia., 
micro- 
meters 


Average 
Leukocyte 

log 
Reduction 


1 


4 


63 


20.0 


-30 to -40 


.103 


.399 


.259 


81.2 


1.2 


5,4 


2 


8 


63 


19.2 




.092 


.379 


.244 


82.3 


1.4 


4.4 


3 


6 


63 


19.7 




.089 


.384 


.233 


83.1 


1.5 


4.8 


4 


8* 


70 


20.7 


-2 to -12 


.143 


.439 


.324 


76.5 


0.9 


6.4 
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TABLE 1 -continued 

Adsorption/Filtration Element Only (No Prefiltration) - 
2.6 nm dia. fiber 

Blood Pore Average 





No. 


CWST 


hold-up 


Zeu 




Thick- 




Voids 


dia.. 


Leukocyte 


Example 


of 


dynes/ 


volume, 


Potential 


Weight. 


ness, 


Density 


Volume, 


micro- 


log 


No. 


Tests 


cm 


cc" 


millivolts 


g/cm 2 


cm 


g/cc 


% 


meters 


Reduction 


3 


4 


70 


21.5 




.123 


.439 


.261 


79.6 


1.2 


6.0 


6 


7 


70 


19.1 




.104 


.386 


.269 


80.5 


1.2 


5.3 



"Clogging prior to complete passage of the PRC was observed in 4 of eight tests. 
••Internal voids volume of the disc, calculated for a full size Bt.6 mm diameter disc. 



.- TABLE 2 

Filters with log reduction 4.5 to 6, and with reduced internal blood hold-up 
3 4 5 6 



No. 


Weight, g/cm 2 Thickness, cm Density, g/cc Voids Volume, % 


Pore dia., fun 


within filter elements, cc 


Reduction 


11 


.119 .400 .297 78.5 


1.0 


24.4» 


6 


12 


.106 392 .270 80.4 


1.2 


19.5 


5.5 


13 


.092 .379 .243 82.4 


1.4 


19.4 


5,0 


14 


.079 .366 .216 84.3 


2.0 


19.1 


4.5 



• Includes gel premier lype B 



We claim: 25 

1. A method for depletion of the leucocyte content of 
a blood product comprising passing the blood product 
through a fibrous leucocyte adsorption/filtration filter 
having a pore diameter of from about 0.5 to less than 3.6 
jim and having a CWST of from 53 to about 80 dy- 30 
nes/cm and depleting the leucocyte content of the 
blood product by a factor of at least about 30,000. 

2. The method of claim 1 comprising passing the 
blood product through the leucocyte adsorption/filtra- 
tion filter further having a pore diameter of from about 35 
0.5 to about 2 jim. 

3. The method of claim 1 comprising passing the 
blood product through the leucocyte adsorption/filtra- 
tion filter further having a CWST of about 60 to about 
70 dynes/cm. 40 

4. The method of claim 1 comprising passing the 
blood product through the leucocyte adsorption/filtra- 
tion filter having fibers which have been radiation 
grafted with a monomer comprising a hydrophilic 
group. 45 

5. The method of claim 1 comprising passing the 
blood product through a microaggregate filter up- 
stream of the leucocyte adsorption/filtration filter. 

6. The method of claim 1 comprising depleting the 
leucocyte content of the blood product by a factor of at 50 
least about 100,000. 

7. The method of claim 1 comprising passing the 
blood product through the leucocyte adsorption/filtra- 
tion filter which is preformed. 

8. The method of claim 1 comprising passing the 55 
blood product through the leucocyte adsorption/filtra- 
tion filter having a negative zeta potential. 

9. The method of claim 1 comprising passing the 
blood product through the leucocyte adsorption/filtra- 
tion filter having been modified with a mixture of mono- ^ 
mers comprising hydroxyethyl methacrylate and 
methyl acrylate or methyl methacrylate. 

10. The method of claim 1 comprising depleting the 
leucocyte content of the blood product by a factor of at 
least about 1,000,000. 65 

11. The method of claim 1 comprising passing the 
blood product through the leucocyte adsorption/filtra- 



tion filter having been compressed to an average voids 
volume of from about 60% to about 85%. 

12. The method of claim 11 comprising passing the 
blood product through the leucocyte adsorption/filtra- 
tion filter further having been compressed to an average 
voids volume of from about 65% to about 84. 

13. The method of claim 1 comprising passing the 
blood product through a gel prefilter upstream of the 
leucocyte adsorption/filtration filter. 

14. The method of claim 13 comprising passing the 
blood product through a microaggregate filter inter- 
posed between the gel prefilter and the leucocyte ad- 
sorption/filtration filter. 

15. The* method of claim 1 comprising passing the 
blood product from a container holding the blood prod- 
uct through the leucocyte adsorption/filtration filter. 

16. The method of claim 15 further comprising pass- 
ing the blood product through the leucocyte adsorp- 
tion/filtration filter into an additional container for 
holding a leucocyte-depleted blood product. 

17. A method for depletion of the leucocyte content 
of a fresh blood product comprising passing the fresh 
blood product through a fibrous leucocyte adsorption/- 
filtration filter having a pore diameter of from about 0.5 
to less than 3.6 p,m and having a CWST of from 53 to 
about 80 dynes/cm and depleting the leucocyte content 
of the fresh blood product by a factor of at least about 
30,000. 

18. The method of claim 17 comprising passing the 
fresh blood product through the leucocyte adsorption/- 
filtration filter further having a pore diameter of from 
about 0.5 to about 2 fim. 

19. The method of claim 17 comprising passing the 
fresh blood product through the leucocyte adsorption/- 
filtration filter further having a CWST of about 60 to 
about 70 dynes/cm. 

20. The method of claim 17 comprising passing the 
fresh blood product through the leucocyte adsorption/- 
filtration filter having been compressed to an average 
voids volume of from about 60% to about 85%. 

21. The method of claim 17 comprising passing the 
fresh blood product through the leucocyte adsorption/- 
filtration filter having a negative zeta potential. 
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(57) ABSTRACT 

A reservoir-and filter system for receiving fluid and for 
removing impurities from fluid is provided in an embodi- 
ment of the invention. The system includes a housing with 
at least two cavities; a first cavity with at least one 
unfilte red-fluid inlet and a second cavity with at least one 
filtrate outlet. In this embodiment, a filter member is dis- 
posed so as to separate the cavities. In addition, a filtering 
trap is disposed so as to directly accept fluid as it enters the 
first cavity, filter it, and minimize clogging of the filter 
member. A coarse filter shroud providing a funnel shape at 
the opening of a cup-shaped trap is included in a preferred 
embodiment. In an embodiment, at least one gas outlet 
adaptable for connection to a vacuum source is associated 
with the second cavity. A method for removing impurities 
from blood within an extracorporeal circuit is also provided 
in a further embodiment. 

19 Claims, 9 Drawing Sheets 
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RESERVOIR-AND-FILTER SYSTEM AND 
METHOD OF USE 

TECHNICAL FIELD 

This invention generally relates to systems for receiving, 
storing, and filtering fluids in preparation for further filtrate 
processing. More particularly, the invention relates to the 
processing of blood or other biological fluids. 

BACKGROUND ART 

A noteworthy application of reservoir-and-filter systems 
is use in blood and other biological fluid processing. For 
example, suctioning of blood away from surgical sites may 
be a high throughput operation if much fluid is quickly 
generated. 

Many state-of-the-art reservoir-and-filter systems are 
designed having an essentially planar filter disposed so as to 
divide the reservoir into separated portions. A first portion is 
intended for containing unfiltered fluid derived from a 
source while the other portion holds filtrate. Common prac- 
tice is to orient the filter so that the portions are laterally 
adjacent to one another with the filter surface situated 
perpendicular to the force of gravity. Fluid is urged into the 
reservoir by applying a partial vacuum and passes through 
the planar filter after enough fluid has been collected in the 
resevoir to create sufficient head pressure to force the fluid 
through the filter. Necessarily, such a filter will clog during 
high throughput usage as there are limited or no safe 
mechanisms for detaching impurities from the filter during 
operation. Clogging normally occurs, due to gravity, at the 
lowest portion of the filter and, with time, reduces the 
effective operational filtration area and traps a volume of 
unfiltered fluid. Gradually, the filter will tend to clog at 
higher and higher levels and trap greater volumes of unfil- 
tered fluid. The ability to efficiently filter the fluid will, with 
time, be compromised. 

SUMMARY OF THE INVENTION 

In a first embodiment of the invention, there is provided 
a reservoir-and-filter system for receiving fluid and for 
removing impurities from the fluid. The embodiment 
includes a housing which has at least two cavities. Further, 
the housing has at least one unfiltered-fTuid inlet in fluid 
communication with the first cavity, and has at least one 
filtrate outlet in fluid communication with the second cavity. 
A filter member, is disposed within the housing so as to 
separate the first cavity from the second cavity. The filter 
member retains a portion of the impurities while permitting 
impeded fluid communication between the first and second 
cavities. In accordance with this embodiment, a filtering trap 
is also included. The trap may be cup shaped, having an 
opening, a bottom and sides defining a chamber. Such a filter 
cup has its opening disposed within the first cavity proximal 
to the inlet and oriented so as to accept fluid into the chamber 
and to collect the impurities at the bottom while permitting 
fluid communication through the sides between the chamber 
and the first cavity. Further, the depth of a filter cup measures 
less than the height of the first cavity permitting overflow of 
fluid from the chamber into the first cavity. Another embodi- 
ment further includes a coarse filter shroud disposed so as to 
provide a funnel shape at the trap opening. The second 
cavity may, in a preferred embodiment, further include at 
least one gas outlet adaptable for connection with a source 
of vacuum. 

The reservoir-and-filter system may be used in a range of 
potential applications. A particular embodiment provides for 
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its use as part of an extracorporeal blood processing appa- 
ratus. During certain surgical procedures, it is desirable to 
expeditiously remove generated blood and by-products from 
the surgical site. The system facilitates the collection of 

5 unfiltered blood. Unwanted blood impurities, residue and 
clots are then filtered, and the resulting filtrate may be 
further processed. An embodiment of the system provides 
that the housing is made from a transparent material which 
is compatible with blood. 

30 In accordance with another embodiment of the invention, 
a method for removing impurities from blood within an 
extracorporeal circuit includes placing a reservoir-and-filter 
system in the circuit between an unfiltered blood source and 
a location maintained at lowered pressure, introducing blood 

15 to the circuit, and collecting filtrate. The reservoir-and-filter 
system includes a housing, a filter member, and a filtering 
trap with features described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

FIG. 1 is an isometric view of a reservoir-and-filter 
system, in accordance with an embodiment of the invention, 
illustrating linkages with other components, such as a blood 
processing device, in fluid communication with the system. 
25 FIG. 2 is a side view of a first cavity of a reservoir-and- 
filter system according to an embodiment of the invention. 

FIG. 3 is a side view of a second cavity of a reservoir- 
and-filter system according to an embodiment of the inven- 
tion. 

30 FIG. 4 is a side view of an installed filtering trap accord- 
ing to an embodiment of the invention. 

FIG. 5 is a schematic illustrating fluid flow from an inlet, 
into a reservoir, through a filtering trap and member, and out 
of the reservoir according to an embodiment of the inven- 
tion. 

FIG. 6 is a side view of the first cavity of a reservoir- 
and-filter system according to another embodiment of the 
invention. 

40 FIG. 7 is a side view of the second cavity according to the 
embodiment of FIG. 6. 

FIG. 8 is a cross-sectional view of a reservoir-and-filter 
system according to a further embodiment of the invention. 
FIG. 9 is a cross-sectional view of another embodiment of 
45 a reservoir-and-filter system, 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

50 Various embodiments of the reservoir-and-filter system 
described herein address a number of shortcomings inherent 
in previous designs. For example, premature clogging of 
single filter systems results in reduced filtrate throughput. 
This clogging causes diminished effectiveness of a partial 

55 vacuum or other differential pressurization mechanisms in 
urging the unfiltered fluid from its source and in urging the 
filtrate to its destination. 

FIG. 1 illustrates linkages with other components which 
may be in fluid communication with a reservoir-and-filter 

60 system 100, the system according to an embodiment of the 
invention. System 100 is shown connected to a blood 
processing device 1000 as an example of how system 100 
may be used in an extracorporeal blood circuit. Unfiltered 
fluid obtained from a fluid source 10 is directed into .a 

65 reservoir 1 through unfiltered-fluid inlets 12. In a specific 
application, the fluid source 10 may be in communication 
with a surgical site where blood, debris, and other fluids are 
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generated. During a surgical procedure, it may be critical 20. Inlet cavity fluid level 26 is shown. In a normal flow 
that blood, as well as other fluids and debris, be expedi- condition (no cup overflow), no debris 24 is available to 
tiously removed from the surgical site as quickly as such undesirably clog the filter member 17 (shown 
products evolve. The velocity and amount of blood gener- schematically). However, in an overflow condition, some 
ated is dependent upon the particular surgical procedure. 5 fluid will flow directly from inlets 12 into the inlet cavity 2 
System 100 is designed to efficiently collect and filter fluid without passing through the filter cup 20. In this condition, 
from a range of throughput procedures. A vacuum source 15 some debris 24 would reach the filter member 17 and serve 
is connected to the reservoir 1 by vacuum line 14. The to undesirably clog the filter member 17. The overflow 
illustration shows a situation in which the vacuum may be condition is designed to only occur when the rate of incom- 
useful to the blood processing device 1000 as well as for 10 ing unfiltered fluid exceeds the rate of filtering performed by 
urging fluid through system 100. A differential pressure is the filter cup 20 or when the filter cup 20 is filled with debris, 
established causing fluid flow from the fluid source 10 into In this condition, the system 100 will perform similarly to 
the reservoir 1. The blood processing device 1000 may performance of single filter systems of the prior art. Filtering 
employ a partial vacuum to draw filtrate from the system's trap 20 may be made from foam material chosen based upon 
filtrate outlet 13 and into the inlet 16 of a centrifuge rotor. 15 the rate of required filtering for a given procedure. The foam 
In this embodiment, the reservoir 1 is divided into an inlet material may be similar in nature to that used as a filtering 
cavity 2 and an adjacent outlet cavity 3. A filter member 17 layer of filter member 17. As with prior art systems, any 
is shown disposed so as to physically separate inlet cavity 2 unfiltered fluid within the rest of inlet cavity 2 will be filtered 
from outlet cavity 3. Filter member 17 may have one or may by filter member 17 allowing only filtrate to flow into outlet 
have a plurality of filtering layers. In accordance with a 20 cavitv 3 * However, according to an embodiment of the 
preferred embodiment, filter member 17 has at least one present invention, with system 100, most of the fluid reach- 
foam layer and a mesh screen. The mesh screen may be ing filter member 17 will already be filtrate. Filtrate will pass 
disposed adjacent to outlet cavity 3. The foam layers do not quickly into outlet cavity 3 and, thereafter, pass to its 
clog as quickly as does mesh screen; foam layers allow fluid destination, 

to pass around physical obstacles (such as debris or 2 s FIG. 3 is a side view of the outlet cavity 3 of a reservoir- 
impurities) as opposed to a mesh screen which, if clogged, and-filter system 100 according to an embodiment of the 
leads to subsequently ineffective filtering and throughput of invention. Outlet cavity fluid level 30 is shown. A cutaway 
fluid. view of vacuum line 14 is shown coupled with cap 31. 

Fluid is first drawn, using differential pressurization tech- Within cap 31 there may, in a preferred embodiment, be 

niques (such as creation of a partial vacuum) from the fluid 30 disposed a microbial or other barrier material designed to 

source 10, through input lines 11 and unfiltered-fluid inlets isolate the contents of reservoir 1 from the vacuum line 14 

12 into inlet cavity 2. As the volume of fluid (and as a result, and from the external environs. In the embodiment shown, 

fluid height) increases in inlet cavity 2, head pressure will a mesh screen 32 portion of filter member 17 (shown 

build, until a breakthrough pressure is reached, at which schematically) acts as a filtering layer and provides neces- 

point, fluid is urged through filter member 17 leaving debris 35 sarv lateral support. 

behind, with filtrate entering outlet cavity 3. Filtrate may In this embodiment, hollowed out areas 70 are provided 

then exit outlet cavity 3 through filtrate outlet 13 and be in outlet cavity 3. So long as the reservoir 1 is held upright 

further processed by, in this embodiment, device 1000. during operation, filtrate which flows through filter member 

Partial vacuum or other differential pressurization (in a 17 will first collect in areas 70. When a partial vacuum, 

preferred embodiment, generated by or associated with 40 creating a differential pressure is applied to filtrate outlet 13, 

device 1000) is used to draw filtrate from outlet cavity 3. filtrate will flow from an area 70 shown below tube 34, 

Output line 18 directs fluid into the centrifuge inlet 16 of upward out of the outlet cavity 3 through tube 34 and filtrate 

device 1000 which separates the various fluid components outlet 13 in the direction of arrows 33. In accordance with 

for future use. the embodiment illustrated, a float tube 35 is oriented 

FIG. 2 is a side view of the inlet cavity 2 of a reservoir- 45 essentially vertically and positioned above a hollowed out 

and-filter system 100 according to a preferred embodiment area 70. The float tube 35 has an upper float tube end 300 

of the invention. Unfiltered fluid is urged through inlets 12 disposed so as to mate with orifice 301 disposed in cap 31. 

directly into a filtering trap 20 disposed within the inlet A float 36 is vertically positioned within float tube 35 at or 

cavity 2. In this embodiment, the filtering trap has a cup near the outlet cavity fluid level 30 due to the buoyancy of 

shape. Arrows 21 indicate the fluid flow direction. The filter 50 float 36. The float 36 is sized to seat within orifice 301 in the 

cup 20 is oriented to accept the incoming unfiltered fluid into event that the outlet cavity fluid level 30 is such that the 

its chamber unless and until the chamber overflows. The entire outlet cavity 3 is full of fluid. When the float 36 is 

chamber fluid level 22 is shown for a condition of a partially seated within orifice 301, cap 31, and, therefore, vacuum 

filled filter cup 20. The filter cup 20 is supported, as source 15 via vacuum line 14, is removed from communi- 

schematically represented by cup supports 23, so that it is 55 cation with outlet cavity 3. In such condition, the partial 

held in position despite applied vacuum to the reservoir 1 vacuum being created via vacuum line 14 will be blocked 

while receiving and filtering fluid. Not shown are beneficial and additional fluid will not be urged into system 100 until 

structural supports which not only may be connected with level 30 decreases and float 36 is unseated from orifice 301. 

cup supports 23 but may be strategically placed within inlet In a preferred embodiment, the partial vacuum used for 

cavity 2 (and outlet cavity 3 to buttress the entire reservoir 60 drawing fluid out of the outlet cavity 3 to the device 1000 

1 from collapse due to the vacuum applied during operation. may be further controlled so as not to be activated if level 30 

Debris 24 remains in the filter cup 20, settling at or near a is lower than a defined threshold height, 

cup bottom 25. Thus, the chamber of the filter cup 20, while FIG. 4 is a side view of an installed filtering trap 20 

clogging with debris 24 near the cup bottom 25, is capable according to an embodiment of the invention. According to 

of filtering fluid and permitting filtrate to flow through the 65 this preferred embodiment, a coarse filter shroud 40 is 

sides of the cup 20 into the rest of the inlet cavity 2. Filtering disposed so as to provide a funnel shape at the opening of 

arrows 28 illustrate filtrate flow direction out of the filter cup filtering trap 20 (shown as having a cup shape) which 
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receives incoming un filtered fluid from inlets 12. The shroud 
40 is made from a much more coarse filtering material than 
that of the filter cup 20 or of the filter member 17. The coarse 
filtering material should allow downward flow of unfiltered 
fluid and associated impurities and debris into the cup 20 
both through an opening 41 cut into the shroud 40 and, to a 
lesser extent, from the coarse filtering material of which 
shroud 40 consists. The shape of the shroud 40 causes most 
of the unfiltered fluid to be directed first to the bottom of the 
filter cup 20. Since the partial vacuum tends to cause the 
unfiltered fluid to spray, the shroud 40 keeps the unfiltered 
fluid from spraying directly on the side walls of the cup 20. 
Additionally, some impurities and debris may be trapped by 
the shroud 40 as unfiltered fluid is directed into filter cup 20. 

FIG. 5 illustrates sequential fluid flow from unfiltered- 
fluid inlet 12, into inlet cavity 2, via directional arrow 51 into 
filter cup 20, sequentially in the directions of arrows 52, 53, 
54, 55, 56, 57, and 58, exiting through filtrate outlet 13. Most 
of the fluid will be filtered by the filter cup 20 and not tend 
to clog filter member 17. 

FIG. 6 is a side view of the inlet cavity 2 of a reservoir- 
and-filter system 100 according to another embodiment of 
the invention. In this embodiment, inlet cavity 2 is divided 
by separator 60 into a first subcavity 61 and a second 
subcavity 62. Separator 60 may be made from solid material 
or from foam material. Foam material may be of similar 
quality to that used for the filtering trap 20. First subcavity 
61 will not receive fluid until inlet subcavity fluid level 66 
reaches and exceeds the top 63 of a solid material separator 
60. If separator 60 is a foam baffle, some filtered fluid may 
escape to first subcavity 61 at a lower subcavity fluid level 
66.) By creating subcavities, less fluid is necessary to create 
sufficient head pressure to break through filter member 17. 
In this embodiment, increased throughput of filtrate into 
outlet cavity 3 may be facilitated by having filter member 17 
consist solely of mesh screen portion 32 (rather than having 
a plurality of layers) in the area adjacent to filtering trap 20. 
This area containing a single mesh screen 32 may be further 
reduced to that area disposed at a height equal to and below 
top 63. Structural members (not shown) incorporated to 
stabilize the system 100 may, alternatively, be economically 
used as boundaries of the area of filter member 17 having 
only single mesh screen. The embodiment described above 
is thought to speed an initial flow of filtrate to outlet cavity 
3 in circumstances in which expedited "priming" of system 
100 is desirable. In particular, this may be important when 
quicker onset of processing by an associated device 1000 is 
necessary. FIG. 7 illustrates how filtrate would first enter 
outlet cavity 3 through a triangular shaped area 71 contain- 
ing a single mesh screen 32 as filter member 17. Fluid flow 
arrows 72 further illustrate how level 30 increases. 

The reservoir-and-filter system 100 is, according to 
another embodiment, made from transparent material to 
facilitate viewing of fluid flow and fluid level. Methyl 
methacrylate acrylonitrile butadiene styrene (MABS) poly- 
mer is such a material which has been successfully demon- 
strated. Reservoir 1 is shown as generally rectangular in 
shape, but is in no way limited by such illustration. Struc- 
tural members should be included within the inlet cavity 2 
and the outlet cavity 3 for various purposes. One such 
purpose is to provide the required rigidity for structural 
stability under operational pressure. Another would be for 
such structural members to additionally serve as supports 23 
for the filtering trap 20, the tube 34, and the filter member 
17. Efficient use of such members for convenient boundaries 
for adjustment of the makeup of filter member 17 was 
previously described. The structural members may also be 



used to create subcavities within inlet cavity 2. The system 
100 is economically designed so that it is disposable after a 
single application. 

FIG. 8 illustrates another embodiment of the invention 
5 utilizing a generally rectangular reservoir 1. In this 
embodiment, inlets 12 and trap 20 are angled with respect to 
the reservoir 1. Trap 20 occupies a larger portion of inlet 
cavity 82 with debris collected at a trap side 80 rather than 
a "bottom" 81. The bottom 81 also acts as the filter member 
30 84 separating inlet cavity 82 from outlet cavity 83. Trap side 
80 acts as a "shelf because of its orientation, with the 
remainder of inlet cavity 82 (outside trap 20) disposed below 
trap 20 rather than lateral to trap 20. Trap side 80 may be 
made from foam similar to that used in embodiments 
35 described above. 

FIG. 9 illustrates yet another embodiment of the inven- 
tion. Here, inlet cavity 92 is contoured so that, during the 
initial stages of filtering, fluid height increases more per unit 
of fluid volume than for the rectangular configuration 
20 described above. Increases in fluid height are proportional to 
the increases in pressure to urge fluid through filter member 
17 to outlet cavity 93. This may be important when quicker 
onset of processing by an associated device 1000 is neces- 
sary. 

The system 100 is suited for use in an extracorporeal 
blood circuit. In this application, impurities are removed 
from blood which originates from a surgical site. All mate- 
rials used for system construction would be blood compat- 
ible per industry standards and regulations. 

Blood discharged from a post-operative wound drain may 
also be received through an inlet (separate from inlets 12) 
and filtered. In such an embodiment, reservoir 1 could be 
further segmented to separate such unfiltered wound drain 
blood and resulting filtrate from that blood obtained from the 
surgical site. 

In yet another embodiment, an appropriate light deflecting 
material may be used to surround the float tube 35, to 
provide suitable contrast for viewing the float 36. Some form 
of sensor known in the art may then be used to detect the 
position of float 36 within float tube 35 to inform as to the 
fluid level in the reservoir 1. Further, system 100 may be 
used to continue to collect blood from a post-operative 
wound drain as described above. A sensor, as previously 
noted, may also be used to monitor the amount of wound 
drain blood being processed. If such amount exceeds a 
pre -set threshold, an alarm could be included in system 100 
to alert staff. 

A method for removing impurities from blood within an 
extracorporeal circuit includes placing a system 100 in the 
circuit, introducing blood to the circuit, and collecting 
filtrate is also herein disclosed. 

Although the invention has been described with reference 
to preferred embodiments, it will be understood by one of 
55 ordinary skill in the art that various modifications can be 
made without departing from the spirit and the scope of the 
invention, as set forth in the claims hereinbelow. 
What is claimed is: 

1. A reservoir-and-filter system for receiving fluid and for 
removing impurities from the fluid, the system comprising: 
a housing, defining a plurality of cavities, the housing 
having at least one unfiltered-fluid inlet in fluid com- 
munication with a first cavity, and having at least one 
filtrate outlet in fluid communication with a second 
cavity; 

a filter member disposed within the housing so as to 
separate the first cavity from the second cavity, wherein 
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the member retains a portion of the impurities while 
permitting impeded fluid communication between the 
first and second cavities; and 
a filtering trap, the trap comprising a side and a top and 
defining a trap volume, the trap disposed within the first 
cavity proximal to the at least one unfiltered-fhiid inlet 
and oriented so as to accept fluid, the trap permitting 
impeded fluid communication through the side, 
wherein a gap is provided around the top for permitting 
relatively unimpeded overflow of fluid from the trap 
volume into the remainder of the first cavity. 

2. A reservoir-and-filter system according to claim 1, 
further comprising: 

a coarse filter shroud, the shroud disposed so that the 
relatively unimpeded overflow of fluid flows from the 
trap volume through the shroud into the remainder of 
the first cavity. 

3. A reservoir-and-filter system for receiving fluid and for 
removing impurities from the fluid the system comprising: 

a housing defining first and second cavities, the housing 
having at least one unfiltered-fluid inlet in fluid com- 
munication with a first cavity, and having at least one 
filtrate outlet in fluid communication with a second 
cavity; 

a filter member disposed within the housing so as to 
separate the first cavity from the second cavity, wherein 25 
the member retains a portion of the impurities while 
permitting impeded fluid communication between the 
first and second cavities; and 

a filter cup, having an opening, a bottom and at least one 
side defining a chamber, the opening disposed within 30 
the first cavity proximal to the at least one unfiltered- 
fluid inlet and oriented so as to accept unfiltered fluid 
into the chamber, the cup permitting impeded fluid 
communication through the at least one side, the cup 
being disposed so as to permit overflow of fluid from 35 
the chamber into the first cavity. 

4. A reservoir-and-filter system according to claim 1, 
wherein the fluid is extracorporeal blood. 

5. A reservoir-and-filter system according to claim 4, 
wherein the housing is made from a transparent material 40 
which is compatible with blood. 

6. A reservoir-and-filter system according to claim 3, 
wherein the second cavity further includes at least one gas 
outlet adaptable for connection with a source of vacuum. 

7. A reservoir-and-filter system according to claim 6, 
wherein the fluid is extracorporeal blood. 

8. A reservoir-and-filter system according to claim 3, 
wherein the filter cup is capable of collecting the impurities 
at the bottom while permitting fluid communication through 
the at least one side between the chamber and the first cavity. 

9. A reservoir-and-filter system according to claim 8, 
wherein the filter member includes a plurality of filtering 
layers disposed so that unfiltered fluid must pass through all 
of the layers before reaching the second cavity. 

10. A reservoir-and-filter system according to claim 9, 55 
wherein one of the plurality of filtering layers is a mesh 
screen. 

11. A reservoir-and-filter system according to claim 10, 
further comprising: 

a separator, the separator disposed so as to partition the 60 
first cavity into two subcavities, wherein the filter cup 
is disposed within a first subcavity, the separator lim- 
iting fluid communication between the chamber and a 
second subcavity. 

12. A reservoir-and-filter system according to claim 11, 65 
wherein a portion of the filter member adjacent the first 
subcavity is a single filtering layer. 
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13. A reservoir-and-filter system according to claim 12, 
wherein the single filtering layer is the mesh screen. 

14. A reservoir-and-filter system according to claim 8, 
further comprising: 

a separator, the separator disposed so as to partition the 
first cavity into two subcavities, wherein the filter cup 
is disposed within a first subcavity, the separator lim- 
iting fluid communication between the chamber and a 
second subcavity. 

15. A reservoir-and-filter system for receiving fluid and 
for removing impurities from the fluid, the system compris- 
ing: 

a housing, having a height and defining first and second 
cavities, the housing having at least one unfiltered-fluid 
inlet in fluid communication with a first cavity, and 
having at least one filtrate outlet in fluid communica- 
tion with a second cavity; 

a filter member disposed within the housing so as to 
separate the first cavity from the second cavity, wherein 
the member retains a portion of the impurities while 
permitting impeded fluid communication between the 
first and second cavities; and 

a filter cup, having an opening, a bottom and sides and 
defining a chamber having a depth, the opening dis- 
posed within the first cavity proximal to the at least one 
unfiltered-fluid inlet and oriented so as to accept fluid 
into the chamber, the depth measuring less than the 
height so as to permit overflow of fluid from the 
chamber into the first cavity; and 

a coarse filter shroud, the shroud disposed so as to provide 
a funnel shape at the opening of the filter cup. 

16. A method for removing impurities from blood within 
an extracorporeal circuit, the method comprising: 

placing a reservoir-and-filter system in the circuit between 
an unfiltered blood source and a location maintained at 
lowered pressure, the reservoir-and-filter system com- 
prising: 

a housing, defining a plurality of cavities, the housing 
having at least one unfiltered-fluid inlet in fluid 
communication with a first cavity, and having at least 
one filtrate outlet in fluid communication with a 
second cavity; 

a filter member disposed within the housing so as to 
separate the first cavity from the second cavity, 
wherein the member retains a portion of the impu- 
rities while permitting impeded fluid communication 
between the first and second cavities; and 

a filtering trap, the trap comprising a side and defining 
a trap volume, the trap disposed within the first 
cavity proximal to the at least one unfiltered-fluid 
inlet and oriented so as to accept blood, the trap 
permitting impeded fluid communication through the 
side, wherein a gap is provided around the top for 
permitting relatively unimpeded overflow of blood 
from the trap volume into the remainder of the first 
cavity; 

introducing blood to the circuit; and 
collecting filtrate from the filtrate outlet. 

17. A method for removing impurities from blood within 
an extracorporeal circuit, the method comprising: 

placing a reservoir-and-filter system in the circuit between 
an unfiltered-blood source and a location maintained at 
lowered pressure, the reservoir-and-filter system com- 
prising: 

a housing defining first and second cavities, the housing 
having at least one unfiltered-blood inlet in fluid 
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communication with the first cavity and having at 
least one filtrate outlet in fluid communication with 
the second cavity; 
a filter member disposed within the housing so as to 
separate the first cavity from the second cavity, $ 
wherein the filter member retains a portion of the 
impurities while permitting impeded fluid commu- 
nication between the first and second cavities; and 
a filter cup, having an opening, a bottom and at least 
one side defining a chamber, the opening disposed 
within the first cavity proximal to the at least one 10 
unfiltered-blood inlet and oriented so as to accept 
blood into the chamber, the cup permitting impeded 
fluid communication through the at least one side, 
the cup being disposed so as to permit overflow of 
blood from the chamber into the first cavity; is 

introducing blood to the circuit; and 

collecting filtrate from the filtrate outlet. 

18. A method according to claim 17, wherein, in placing, 
the filter cup is capable of collecting the impurities at the 
bottom while permitting impeded fluid communication 20 
through the at least one side between the chamber and the 
first cavity. 

19. A method for removing impurities from blood within 
an extracorporeal circuit, the method comprising: 

placing a reservoir-and-filter system in the circuit between 2 s 
an unfiltered blood source and a location maintained at 
lowered pressure, the reservoir-and-filter system com- 
prising: 



a housing, having a height and defining first and second 
cavities, the housing having at least one unfiltered- 
blood inlet in fluid communication with the first 
cavity and having at least one filtrate outlet in fluid 
communication with the second cavity; 

a filter member disposed within the housing so as to 
separate the first cavity from the second cavity, 
wherein the filter member retains a portion of the 
impurities while permitting impeded fluid commu- 
nication between the first and second cavities; 

a filter cup, having an opening, a bottom and sides and 
defining a chamber having a depth, the opening 
disposed within the first cavity proximal to the at 
least one unfiltered-fluid inlet and oriented so as to 
accept fluid into the chamber, the depth measuring 
less than the height so as to permit overflow of blood 
from the chamber into the first cavity; and 

a coarse filter shroud, the shroud disposed so as to 
provide a funnel shape at the opening of the filter 
cup; 

introducing blood to the circuit; and 
collecting filtrate from the filtrate outlet. 
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[57] ABSTRACT 

A liquid filtration device useable for removing leukocytes 
from blood contains a first chamber which is in fluid flow 
relationship with a second chamber. Filtration elements 
separate the first chamber from the second chamber so that 
liquid flowing from the first chamber is filtered thereby prior 
to entry into the second chamber. A passage leads from the 
second chamber into the first chamber and a hydrophobic 
filter may be used to prevent liquid from the first chamber 
from flowing through the passage into the second chamber 
while allowing air to flow therethrough. An outlet is located 
in the second chamber, preferably at the bottom thereof. A 
second outlet may be located within the second chamber and 
may be placed in fluid flow relationship therewith by a 
conduit or the like. 

30 Claims, 15 Drawing Sheets 
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FILTRATION DEVICE USEABLE FOR 
REMOVAL OF LEUKOCYTES AND OTHER 
BLOOD COMPONENTS 

FIELD OF THE INVENTION 

This invention relates generally to gravity feed liquid 
filtration devices. More particularly, this invention relates to 
a gravity feed liquid filtration device useable to filter blood 
and blood components. 

BACKGROUND OF THE INVENTION 

At the present time there are several disposable gravity 
feed blood filtration devices. All of these devices, however, 
require user manipulation of Yent filters during the filtration 
process. The manipulation of the vent filters must take place 
at the proper time during the filtration process or the system 
will not filter properly and the blood being filtered may be 
rendered unusable. Since, user manipulation of vent filters is 
time consuming and costly, it is desirable to achieve a liquid 
filtration device which may filter blood without the manipu- 
lation of vent filters. 

SUMMARY OF THE INVENTION 

25 

The shortcomings of the prior art may be alleviated using 
a filtration device constructed in accordance with the prin- 
ciples of the present invention. The filtration device is 
capable of filtering blood to remove leukocytes and other 
blood components therefrom. The filtration device includes 
a first chamber capable of collecting unfiltered liquid therein 
and a second chamber in fluid flow relationship with the first 
chamber; a means for filtering fluid within the first chamber 
prior to flowing into the second chamber, a passage leading 
from the second chamber into the first chamber; means for 
preventing unfiltered liquid within the first chamber from 
flowing through the passage into the second chamber, and a 
first outlet in the second chamber. 

The filtration device may further include a second outlet 
in the second chamber which is located above the first outlet, 
and a hydrophilic filter oriented to prevent air to flow 
through the second outlet after the hydrophobic filter 
becomes wet 

The means for preventing unfiltered liquid within the first 
chamber from flowing through the passage into the second 45 
chamber may include a hydrophobic filter. The means for 
filtering fluid within the first chamber may include at least 
one filtration element. When used for filtering blood, the at 
least one filtration element may include a plurality of 
leukocyte removing elements. 

The first chamber and second chamber may be located 
within a housing formed by a first section and a second 
section. The at least one filtration element may be located 
between the first section and second section extending 
within an interior of the housing forming a barrier dividing 
the interior of the housing into the first chamber and second 
chamber. The at least one filtration element may form an 
interior wall within the housing. The edges of the at least one 
filtration element may be located between the first section 
and second section forming a pinch type seal in between. 

The passage leading from the second chamber into the 
first chamber may extend through the at least one filtration 
element and may be formed by a tube affixed to the second 
section. 

The filtration device may further include a means for 
preventing unfiltered fluid from entering the second chamber 
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by flowing between the tube and the at least one filtration 
element. The preventing means may include a washer 
mounted on the tube wherein the at least one filtration 
element is located between the lip on the tube and the 
washer. The tube may include a lip which contacts the at 
least one filtration element. The hydrophobic filter may be 
sealed to an opening of the tube. The hydrophilic filter may 
be sealed to the second section at the second outlet thereof. 

The filtration device may further include a means for 
placing the first outlet in fluid flow relationship with the 
second outlet. The means may comprise a conduit which 
may be integrally formed to a housing defining at least one 
of the chambers. 1\ibing may be connected to the conduit for 
allowing filtered fluid to flow into a fluid collecting means. 
The filtration device may also include a means for venting 
unfiltered fluid. This venting means may include an in line, 
vent filter which may be placed in fluid flow relationship 
with the first chamber between a blood, or other liquid, 
supply and the first chamber. 

One or more flanged washers may be used as the means 
for preventing unfiltered fluid from entering the second 
chamber by flowing between the tube and the at least one 
filtration element. Also, the edges of the at least one filtration 
element may be sealed to the second section using at least 
one flanged ring. Any edges, including edges located around 
the tube, of the at least one filtration element may be heat 
sealed using a thermoplastic film between layers of edges of 
more than one filtration element. 

The in-line vent filter in accordance with the principles of 
the present invention includes a body having an inlet and 
outlet therein, at least one vent opening within the body, and 
at least one hydrophobic filter oriented to prevent fluid 
within the body from passing through the at least one vent 
opening. The hydrophobic filter may be sealed to the body 
and may include an opening coaxially oriented with the 
inlet. The body may include an inlet half and outlet half 
which are sealed together. The body may also include one or 
more ribs for supporting the hydrophobic filter. The body 
may also include a restriction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by reference to the 
detailed description of the preferred embodiments herein 
when read in conjunction with the drawings in which: 

FIG. 1A depicts a sectional representation of an in line 
vent filter useable in accordance with the principles of the 
present invention; 

FIG. IB depicts an isometric view of an in-line vent filter 
having portions removed therefrom and useable in accor- 
dance with the principles of the present invention; 

FIG. 2 depicts a schematic sectional representation of a 
filtration device constructed in accordance with the prin- 
ciples of the present invention; 

FIG. 3 depicts a schematic representation of the filtration 
device and in-line vent filter used for filtering blood where 
a blood supply bag is filled; 

FIG. 4 depicts a schematic representation of the filtration 
device and in-line vent filter used for filtering blood where 
the blood supply bag is empty; 

HG. 5 depicts an outlet section of an embodiment of the 
filtration device constructed in accordance with the prin- 
ciples of the present invention whereby a means for placing 
a first outlet in fluid flow relationship with the second outlet 
of a second chamber of the device is integrally formed with 
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the outlet section of the device; 

FIG. 6 depicts a sectional representation of the alternative 
embodiment of the filtration device having the outlet section 
depicted in FIG. 5; 

FIG. 7 depicts an isometric view, having portions thereof 5 
removed, of the embodiment of the filtration device depicted 
in FIG. 6; 

FIG. 8 depicts an isometric view of the inside surface of 
the first section of the embodiment of the filtration device 1Q 
depicted in FIG. 7; 

FIG. 9 depicts the embodiment of the filtration device 
depicted in FIG. 7 having the in-line vent filter, tubing, blood 
supply means and blood collecting means in an operational 
assembly; 15 

FIG. 10 depicts a cross-sectional view of a lower section 
of the embodiment of the filtration device depicting one 
technique for sealing a plurality of filtration elements 
therein; 

FIG. 11 depicts a cross-sectional view of the lower portion 20 
of an embodiment of the filtration device depicting an 
alternative technique for sealing a plurality of filtration 
elements; 

FIG. 12 depicts a cross-sectional view of the lower 
portion of a filtration device constructed in accordance with 25 
the principles of the present invention depicting one tech- 
nique for sealing the outer edges of a plurality of filtration 
elements; 

FIG. 13 depicts a cross-sectional view of the lower 3Q 
portion of a filtration device constructed in accordance with 
the principles of the present invention depicting an alterna- 
tive technique for sealing the outer edges of a plurality of 
filtration elements; and 

FIG. 14 depicts a schematic representation of yet another 35 
embodiment of the filtration device constructed in accor- 
dance with the principles of the present invention along with 
a vent filter blood supply means and blood collecting means. 

DETAILED DESCRIPTION OF THE 40 
PREFERRED EMBODIMENTS 

Hie liquid filtration device constructed in accordance with 
the principles of the present invention utilizes an air venting 
means operatively engaged to a fluid filtration means. One 45 
embodiment of the filtration apparatus constructed in accor- 
dance with the principles of the present invention is shown 
in FIG. 2, and its operation depicted in FIGS. 3 and 4. 

FIG. 1A depicts a schematic representation of an in line 
vent filter 15 useable as an air venting means in accordance 50 
with the principles of the present invention. As described 
herein the automatic in-line vent filter automatically vents 
the inlet of the fluid filtration system when fluid stops 
flowing from feed blood bag 20. When fluid flows from feed 
blood bag 20 the in-line vent filter 15 automatically stops 55 
venting. This vent filter may consist of an inlet section 1, an 
outlet section 2, and a sterilizing grade hydrophobic filter 3. 
TTie hydrophobic filter prevents the passage of liquid there- 
through, (assuming the liquid is at a pressure less than the 
bubble point pressure of the filter material) while allowing 60 
the passage of air therethrough. Air is capable of passing 
through the hydrophobic filter even after the filter has been 
exposed to a liquid. The inlet section 1 may include vent 
ports 4 which are in air flow relationship to the outside of the 
vent filter. The hydrophobic filter 3 is sealed to the inlet 65 
section 1 by seals 5 and 6, which are preferably heat seals. 
However, any type of reliable leak proof seals which are 
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well known in the art, such as ultrasonic, solvent or adhesive 
type seals may be used in accordance with the invention. The 
in-line vent filter 15 may be a round device and the hydro- 
phobic filter may be shaped as a disc with a hole punched in 
its center. However, the in-line vent filter 15 is not limited 
to any particular shape and may include more than one 
hydrophobic filter 3. Seal 5 should extend around the entire 
periphery of the center hole of the hydrophobic filter 3 and 
hence around the entire periphery of a port 7 sealing the 
hydrophobic filter 3 to the inlet section 1. Seal 6 seals the 
hydrophobic filter to the inlet section 1 around the entire 
outer periphery of the hydrophobic filter 3. Although liquid 
within the chamber 10 may not pass through the hydropho- 
bic filter 3, air may enter vent ports 4 and pass through 
hydrophobic filter 3. The inlet section 1 of the vent filter may 
also include a tubing socket 8 into which a length of tubing 
14 may be inserted. The tubing socket 8 is in fluid flow 
relationship with the port 7 which should be approximately 
the same diameter as the inside diameter of tubing 14. 

The outlet section 2 may be bonded to the inlet section 1 
by a seal 9. Seal 9 should extend around the entire periphery 
of the vent filter 15 thus forming chamber 10. Seal 9 is 
preferably an ultrasonic seal. However, other seals including 
heat seals, adhesive seals or any other hermetic seal may be 
used. Outlet section 2 includes restriction 11 forming an 
outlet of chamber 10, and tubing socket 12 extending from 
the restriction 11 into which a length of tubing 13 may be 
inserted. Restriction 11 is typically a long small diameter 
port which connects chamber 10 to tubing 13. Hie cross 
sectioned area of the restriction should be less than the cross 
sectioned area of the inlet to allow fluid flowing there- 
through to fill chamber 10 and contact hydrophobic filter 3. 

Liquid to be filtered enters the vent filter 15 via tubing 14 
and port 7 and exits via restriction U and tubing 13. The 
length and diameter of restriction 11 depends upon viscosity 
of the liquid being filtered and should be sized so that liquid 
entering the in-line vent filter 15 through port 7 will back up 
and fill chamber 10. At this condition, the liquid in chamber 
10 will be at a pressure head greater than atmospheric 
pressure and below the bubble point pressure of the hydro- 
phobic filter 3. Since a hydrophobic filter can not pass an 
aqueous solution at a pressure below the bubble point of the 
hydrophobic filter, fluid will not exit through ports 4. Like- 
wise since the pressure head in chamber 10 is greater than 
atmospheric pressure air can not enter chamber 10 via ports 
4. The restriction 11 should not restrict the flow of fluid 
through the liquid filtration device 129 (described below) 
which may be attached to the opposite end of the tubing 13. 
When fluid flow into port 7 of the vent filter 15 ceases the 
pressure head in chamber 10 shall decrease to zero enabling 
air to enter chamber 10 via ports 4 and hydrophobic filter 3 
thus draining restriction 11 and tubing 13. 

FIG. IB depicts an in-line vent filter which is similar in 
structure and operation to the vent filter depicted in FIG. 1 A 
but also contains an inside channel 17 and a plurality of 
support ribs 18. 

As depicted in FIG. IB the inside portion of inlet section 
1 of the vent filter 15 may contain channel 17 which 
provides a gap between the hydrophobic filter 3 and inlet 
section 1 which leads to vent ports 4. The outlet half 2 
contains a plurality of support ribs 18 which assist in 
supporting the hydrophobic filter 3. 

FIG. 2 is a schematic representation of the filtration 
device 129 which is suited for blood filtration and leukocyte 
and/or other blood component removal therefrom. Filtration 
device 129 includes inlet section or half 101 which is bonded 
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to an outlet section or half 102 by a seal 120. This seal 120 
is preferably an ultrasonic seal. However, other seals such as 
heat seals or adhesive seals or any other hermetic seal may 
be used. Inlet section 101 includes tubing socket 113 into 
which the outlet end of tubing 13 is affixed as well as port 5 
122. The inlet end of tubing 13 is affixed to the oudet of 
the-vent filter 15. Inlet section 101 contains side walls 131 
extending about the periphery of bottom wall 130. Side 
walls 131 and bottom wall 130 define chamber 108. Any 
fluid exiting the vent filter 15 via tubing 13 will enter 
chamber 108 through port 122. 

Outlet section 102 of the filtration device 129 may include 
a tube 110 affixed thereto which defines a passage 111. Tube 
110 is preferably round and multi-diameter, however, other 
shapes may suffice. Outlet section 102 may also include a 15 
port 121, port 123, port 124, tubing socket 114 and tubing 
socket 115. Outlet section 102 includes a bottom wall 132 
and side walls 133 extending about the periphery thereof. 
Side walls 133 and bottom wall 132 define chamber 109 of 
oudet half 102. A cover 112 may be affixed to outlet half 102 2Q 
by seal 125. Seal 125 is preferably an ultrasonic seal. 
However, other seals may suffice. The cover 112 and multi 
diameter tube 110 define a chamber 111 which is in fluid 
flow relationship with chamber 109 via port 121. A hydro- 
phobic filter 104 is sealed to an end of multi diameter tube 25 
110, extending into chamber 108, by peripheral seal 105. 
Peripheral seal 105 is preferably a heat seal. Again, however, 
other types of reliable leak proof seals such as ultrasonic or 
adhesive seals may suffice. A hydrophilic filter 106 may be 
sealed to outlet section 102 by peripheral seal 107 to cover 3Q 
port 123. When dry, the hydrophilic filter 106 allows the 
passage of air therethrough except at peripheral seal 107, 
whigh should preferably be a heat seal. However, other types 
of reliable leak proof seals such as ultrasonic or adhesive 
seals may suffice. When wet, the hydrophilic filter 106 does 35 
not allow the passage of air therethrough unless the air 
pressure is above the bubble point pressure of the hydro- 
philic filter 106. 

Hie hydrophobic filter 104 covers the end of tube 110 and, 
therefore, should be the same shape as the end of tube 110. 4 q 
Filtering elements 103, which may be leukocyte removing 
elements for blood filtration, should be shaped to divide the 
filtration device 129 into chamber 108 and chamber 109. 
The filtration elements 103 defines, along with inlet section 
101, chamber 108 and, along with oudet section 102, 45 
chamber 109. Each filtration element 103 may have a hole 
therein which is positioned to enable the hole to align with 
tube 110 when the filtration elements 103 are placed into the . 
filtration device 129. Therefore, it is preferred that the hole 
have the same shape and size of the small end of tube 110. 50 
The filtration elements 103 fit into and are contained by a 
filter element receptacle which is defined by side walls 145 
of outlet section 102, and by shelf 147 of outiet section 102 
and sealing rib 148 of inlet section 101. 

The filtration device 129 in FIG. 2 contains four (4) 55 
filtration elements 103. When using the filtration device 129 
for blood filtration, the filtration elements 103 may include 
leukocyte removing elements which are known in the art. 
Depending on the application, the filtration device 129 could 
be manufactured to accept more or less than four filtration 60 
elements 103. The outside periphery of the filtration ele- 
ments 103 may be sealed to the filtration device 129 by a 
pinch seal 119 wherein the outside periphery of the filtration 
elements 103 is pressed between sealing rib 148 of inlet 
section 101 and shelf 147 of outlet section 102 creating a 65 
seal. Likewise the filtration elements 103 may be sealed to 
the tube 110 by a pinch seal 126. In this case, a washer 118 
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which may be press fitted about multi diameter tube 110 
forces the filtration elements 103 between washer 118 and 
the lip 99 of tube 110 to form seal 126. Alternatively washer 
118 could be ultrasonically welded, heat sealed or sealed 
- with an adhesive to tube 110. Also, filtration elements 103 
could be sealed to the filtration means 129 and multi 
diameter tube 110 by other reliable sealing techniques. 

A first outlet from the chamber 109 is formed by port 124 
which is in fluid flow relationship with Tee 127 via siphon 
tube 116. A second oudet from chamber 109 is formed by 
port 123 which is in fluid flow relationship with Tee 127 via 
tube 128. Tee 127 is in fluid flow relationship with a fluid or 
liquid receiving means via tubing 117. The tube 128, tee 127 
and tube 116 function as a means for placing the first outlet 
formed by port 124 in fluid flow relationship with the second . 
outlet formed by port 123. The receiving means could be a 
blood bag or even an open container. However, when using 
the system for blood filtration, a sterile receiving blood bag 
should be used. 

Although FIG. 2 illustrates the inlet port 122 near the top 
of inlet half 101, port 122 may be placed in other locations. 
Moreover, port 122 need not be located on the vertical center 
line of inlet half 101. However, port 122 should not be 
placed adjacent to or direcdy below hydrophobic filter 104, 
particularly if the gap between wall 130 of inlet half 101 and 
hydrophobic filter 104 is small. 

FIG. 3 illustrates one embodiment of the apparatus or 
system in accordance with the present invention including 
the vent filter 15, the filtration means 129, a feed blood bag 
20, a receiving blood bag 21, and all the necessary inter- 
connecting tubing. Typically, the user would purchase the 
system without feed blood bag 20. The user would receive 
the system sterilized with the inlet end of tubing 14 sealed 
to maintain system sterility. Therefore, with the exception of 
ports 4 the system is closed. Moreover, the hydrophobic 
filter 3 of vent filter 15 should be a sterilizing grade filter 
which is sealed with a leak tight seal to the inlet section 1 of 
the vent filter 15. Therefore, the inside of the system should 
remain sterile. 

When filtering blood the user would first close tubing 13 
(near the outlet side of vent filter 15) with a tubing clamp 
(not illustrated) and then make a sterile connection between 
the inlet end of tubing 14 and the feed blood bag 20 using 
a sterile docking device known in the art The actual sterile 
connection is made between tubing 14 and a short length of 
tubing which is a part of feed blood bag 20. The resulting 
system is illustrated in FIG. 3. Feed blood bag 20 may be 
suspended from an appropriate mechanism. The filtration 
means 129 may also be suspended from the mechanism or' 
by tubing 13. A receiving blood bag 21 may be suspended 
by the mechanism or may rest on a surface such as a bench 
top or the like. Once the sterile connection is made between 
feed blood bag 20 and tubing 14 and the system components 
are. suspended, blood will flow from feed blood bag 20 and 
fill tubing 14, vent filter 15, and the upper part of tubing 13 
to the point where a tubing clamp (not shown) clamps tubing 
13. The air that was in tubing 14, vent filter 15 and the upper 
part of tubing 13 will vent through a sterilizing grade 
hydrophobic filter 3 and then through ports 4 to the atmo- 
sphere. Some of this air may also bubble to the top of feed 
blood bag 20. 

Referring still to FIG. 3, once the tubing clamp (not 
shown) is opened blood will begin to flow from feed blood 
bag 20, through tubing 14, through vent filter 15, tubing 13 
and finally through port 122 into chamber 108. In FIG. 3, the 
blood flow is indicated by the solid arrows. As blood begins 
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to fill chamber 108 from the bottom up, air will vent from 
chamber 108 through the unwetted portions of filtration 
elements 103 (i.e. through the portion of the filtration 
elements 103 above the blood level) and through hydropho- 
bic filter 104. The air that vents through hydrophobic filter 5 
104 will pass through chamber 111 and then through port 
121 and finally into chamber 109. The air that vents through 
the unwetted portions of filtration pads 103 will pass directly 
into chamber 109. All of the air that vents from chamber 108 
to chamber 109 will then vent from chamber 109 through lQ 
port 124 and then through siphon tube 116 into tee 127; and 
from chamber 109 through hydrophilic filter 106 and then 
through port 123 and then through tube 128 into Tee 127. 
The air will then vent from Tee 127 through tube 117 into 
receiving blood bag 21. 15 

Once the blood level in chamber 108 is high enough to 
cover hydrophobic filter 104 air will stop venting from 
chamber 108 through hydrophobic filter 104 and all venting 
of chamber 108 will occur through the unwetted portions of 
filtration elements 103 (which in this blood filtration appli- 20 
cation may include leukocyte removing elements or ele- 
ments used to remove other blood components). Chamber 

108 will continue to fill with blood until all of the air in 
chamber 108 has been vented and chamber 108 is full of 
blood. 25 

After the layers of the filtration elements 103 become wet, 
leukocyte depleted blood will start to pass from the elements 
103 into chamber 109. This leukocyte depleted blood flow 
into chamber 109 will begin at or near the bottom of 
chamber 109. Because the surface area of the elements 103 30 
is much greater than the surface area of the hydrophilic filter 
106, and because the initial flow rate of blood through the 
elements 103 is high, and because the bubble point pressure 
of the hydrophilic filter 106 must be greater than pressure 
head at hydrophilic filter 106 relative to receiving blood bag 35 
21, the following sequence of events will occur. Once the 
blood level in chamber 109 fills to the level where port 124 
is covered the air pressure in chamber 109 will start to 
increase because the flow rate of leukocyte depleted blood 
entering chamber 109 will be greater than the flow rate of air 40 
exiting chamber 109 through hydrophilic filter 106 (because 
of the necessary maximum pore size of hydrophilic filter 
106). This increase in air pressure in chamber 109 will cause 
blood to flow out of port 124 and into siphon tube 116. The 
blood level in tube 116 will then rise faster than the blood 45 
level in chamber 109. The leukocyte depleted blood in tube 
116 will reach Tee 127 and fill Tee 127, the hydrophilic filter 
106 will not be wet by the leukocyte depleted blood on the 
Tee side of hydrophilic filter 106 if tube 128 is of sufficient 
length or port 123 is sufficiently small. Assuming that one or 50 
both of these conditions is true the leukocyte depleted blood 
in Tee 127 will exit Tee 127 and then flow down tubing 117 . 
into the receiving blood bag 21. At this point the pressure 
head at the bottom of chamber 108 relative to the top of the 
supply bag 20 will be greater than, the relative pressure head 55 
at the top of chamber 108. However, the pressure of the air 
in chamber 109 will be above atmospheric pressure and the 
pressure head in Tee 127 relative to the receiving blood bag 
21 will be less than the pressure head at the top of chamber 

109 and at the bottom of chamber 109. Hence the pressure 60 
in Tee 127 will be lower than the pressure in chamber 109. 
Therefore air will be sucked from chamber 109 through 
hydrophilic filter 106, then through port 123, then through 
tube 128 into Tee 127. At this point there will be a mixed 
stream of leukocyte depleted blood and air flowing down 65 
tubing 117 into receiving blood bag 21. As air is evacuated 
from chamber 109 the leukocyte depleted blood level in 
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chamber 109 will rise. This process will continue until the 
level of leukocyte depleted blood in chamber 109 either 
covers hydrophilic filter 106 or until hydrophilic filter 106 
becomes wetted by capillary action. Once the hydrophilic 
filter 106 is wet it will no longer allow air passage there- 
through unless the air pressure exceeds the bubble point 
pressure of the hydrophilic . filter 106. The pore size of 
hydrophilic filter 106 should be chosen so that once hydro- 
philic filter 106 is wet it will not allow air passage there- 
through for the duration of the process. Tb assure that there 
will be a minimum amount of air trapped at the top of 
chamber 109 it is preferred that the volume of chamber 109 
around hydrophilic filter 106 be kept to a minimum. 

As feed blood bag 20 continues to drain, tubing 14, vent 
filter 15, tubing 13 and chamber 108 will be full of unfiltered 
blood. Chamber 109, siphon tube 116, tee 127 and tubing 
117 will be full of leukocyte depleted blood and receiving 
blood bag 21 will be partially filled with leukocyte depleted 
blood with a small air pocket at the top of receiving blood 
bag 21 due the air that was initially purged from the system. 
The pressure head at the top of chamber 108 relative to the 
supply bag 20 will still be less than the pressure head at the 
bottom of chamber 108 relative to the supply bag 20. The 
pressure head at the bottom of chamber 109 relative to the 
supply bag will be equal to the pressure head at the bottom 
of chamber 108 less the pressure drop across the leukocyte 
removing pads 103 and the pressure head in Tee 127 relative 
to the receiving bag will be slightly greater than previously 
when the receiving bag began to fill due to the fact that 
receiving blood bag 21 has begun to fill. Throughout the 
process the external pressure on feed blood bag 20 and 
receiving blood bag 21 will be atmospheric. 

From the beginning of the filtration process when blood 
begins to drain from feed blood bag 20, the pressure in 
chamber 108 will always be greater than the pressure in 
chamber 109. Therefore, air will never flow from chamber 
109 into chamber 108. Likewise leukocyte depleted blood 
will never flow from chamber 109 into chamber 111 as long 
as port 121 is sufficiently small. 

Referring to FIG. 4, when feed blood bag 20 has emptied 
tubing 14 will have an air tight cap (i.e. collapsed feed blood 
bag 20) at its top. The pressure head due to the blood in 
tubing 14 is now negated by the negative pressure head due 
to the leak tight cap at the top of tubing 14 and the pressure 
in chamber 10 of tie vent filter 15 will be atmospheric. Air 
can now enter ports 4 of vent filter 15 and pass through 
sterilizing grade hydrophobic filter 3 into chamber 10 of 
vent filter 15. The air entering chamber 10 will displace the 
blood in chamber 10 causing chamber 10 to drain. Once 
chamber 10 has drained, restriction 11 will drain and then 
tubing 13 will drain. Since the input pressure to the system 
(at ports 4) is atmospheric and the pressure head relative to 
the receiving blood bag 21 in Tee 127 is less than atmo- 
sphere, draining will continue and receiving blood bag 21 
will continue to fill. At this time, port 122 is at atmospheric 
pressure and the pressure head at the top of chamber 108 is 
less than atmospheric. Hence air will now enter chamber 108 
through port 122 and bubble to the top of chamber 108 thus 
draining chamber 108 from the top down. Since the pressure 
head in Tee 127 remains relatively lower than that in 
chamber 108, chamber 108 will continue to drain. 

Once the blood level in chamber 108 drains to below the 
level of hydrophobic filter 104 air will begin to flow from 
chamber 108 into chamber 111 and then through port 121 
into chamber 109. Air will flow from chamber 108 to 
chamber 109 through the aforementioned path because the 
void part of chamber 108 is at atmospheric pressure and port 
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121 has a lower pressure relative to the receiving blood bag 
21. To ensure that chamber 108 completely drains before air 
entering chamber 109 through port 121 drains chamber 109 
the following criteria should be used: 

a) Hydrophobic filter 104 should be of the miriimum 5 
surface area necessary to allow drainage of chamber 109 in 

a reasonable time period. It should also be of the minimum 
surface area necessary so that a minimum amount of active 
surface area is removed from filtration elements 103 to allow 
for tube U0. io 

b) Multi diameter tube 110 should be placed as close to 
the bottom of chamber 108 as other design considerations 
permit. 

c) For maximum safety hydrophobic filter 104 should be 

of sterilizing grade. 15 

When air starts to enter chamber 109 from port 121 the 
pressure head at port 121 is greater than the pressure head at 
the top of chamber 109. Hence air entering chamber 109 
from port 121 will bubble up to the top of chamber 109 and 
displace leukocyte depleted blood in chamber 109 from the 
top down. Because hydrophilic filter 106 is now wet air can. 
not flow from chamber 109 through hydrophilic filter 106, 
port 123 and tubing 128 into Tee 127. Hence tubing 117 is 
not allowed to drain via hydrophilic filter 106. If tubing 117 
were allowed to drain, via hydrophilic filter 106 the filtered 
blood in chamber 109 would only drain to the bottom level 
of lee 127. Chamber 109 will continue to drain in this 
manner until the leukocyte depleted blood level reaches the 
top of port 124. Then the tube 116 will be drained and tubing 
117 will drain to the leukocyte depleted blood level at the top 
of receiving blood bag 21. Tubing 117 should then be sealed 
close to the receiving blood bag 21 and receiving blood bag 
21 along with the short length of sealed tubing 117 may be 
cut from the rest of the system and is ready for use. Hie rest 
of the system (i.e. feed blood bag 20, vent filter 15, fluid 35 
filtration means 129, Tee 127 and all remaining tubing 
should be discarded in a proper manner. 

The air that initially fills the voids in the system is purged 
into receiving blood bag 21 when the system is primed with ^ 
blood. To minimize the amount of air that is purged into 
receiving blood bag 21 the void volume should be kept to a 
minimum. To minimize the void volume the gap between 
wall 130 of inlet section 101 and hydrophobic filter 104 
should be kept to a minimum. Therefore, port 122 of inlet 45 
section 101 should not be placed adjacent to or directly 
below hydrophobic filter 104. 

FIGS. 5-9 illustrates an alternative embodiment of the 
filtration device 229 constructed in accordance with the 
principals of the present invention. This embodiment may be 50 
easily manufactured using disposable injection molded plas- 
tic components. Moreover, the filtration device 229 may be 
designed so that the user can easily hang all the system 
components from a hanging means such as a pole with hooks 
to allow for gravity feed of the fluids, such as blood, to be 55 
filtered. This embodiment operates in the same manner as 
, the embodiment previously discussed. 

Referring to FIG. 5, in this embodiment the means for 
placing the first outlet, formed by port 124 of chamber 109, 
in fluid flow relationship with the second outlet, formed by 60 
port 123 of chamber 109, is integrally formed to outlet 
section 202. A conduit 251 is formed by a ridge 249 
extending from the outlet section 202 and an outlet cover 
212 which is sealed to the ridge 249. Ridge.249 and outlet 
cover 212 are sealed to prevent fluid flowing within conduit 65 
251 from leaking therefrom. An interior ridge 250 extends 
from the outlet section 202 but within conduit 251. Raised 
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ridge 250 also contacts outlet cover 212 to form a chamber 
111 which is isolated from conduit 251 so that fluid within 
conduit 251 cannot enter chamber 111. Within chamber 111 
is located an end of the interior of tube 110 which passes 
through filtering elements 103 (FIG. 6). Referring to FIG. 6, 
port 121 places chamber 111 in fluid flow relationship with 
chamber 109. Accordingly, chamber 109 is placed in fluid 
flow relationship with chamber 108 by the interior of tube 
110, chamber 111, and port i21, which are all in fluid flow 
relationship with each other. Within conduit 251 is the first 
outlet of chamber'109 formed by port 124 and the second 
outlet of chamber 109 formed by port 123. Both port 123 and 
port 124, constitute passages which lead into chamber 109 
placing conduit 251 in fluid flow relationship with the 
chamber 109. A hanging means 244 may be oriented to 
allow the housing formed by the first section 201 and second 
section 202 to be gravity hung. In the hanging position, the 
second outlet formed by port 123 is located above first outlet 
formed by port 124 for improved operation of the filtration 
device. 

Referring still to FIG. 6, the inlet section 201 is engaged 
with outlet section 202 to form a housing. The edges of the 
filtration elements 103 are located between the inlet section 
201 and outlet section 202. Seal 120 is used to seal the inlet 
section 201 to the outlet section 202. Inlet port 122 leads to 
chamber 108 which is in fluid flow relationship with tube 
110! Hydrophobic filter 104 is located at one end of tube 110 
to prevent liquid to be filtered, such as blood, from passing 
therethrough. A seal 105 seals the hydrophobic filter to the 
tube 110. The washer 118 is placed around tube 110 so that 
filtration elements 103 are located between the washer 118 
and a lip 299. Hydrophilic filter 106 is preferably located 
over port 123 to prevent air from within the chamber 109 
from flowing through the port 123 when hydrophilic filter 
106 is wet. The hydrophilic filter may be recessed within a 
well 207. Preferably, a heat seal is used to seal the hydro- 
philic filter to the outlet section 202. Port 123 is in fluid flow 
relationship with conduit 251. A nipple 260 may be formed 
around port 123 for allowing filtered fluid, such as blood, 
from flowing therethrough into a collection tube 117 and 
eventually into a collection bag 221, 

Operation of the embodiment depicted in FIGS. 5-9 
occurs similar to the embodiment of the device depicted in 
FIGS. 1-4. However, in lieu of external tube 116, conduit 
251 transports filtered blood from the outlet 124 to the fluid 
collecting tube 117. Also, chamber 108 and chamber 109 are 
reduced in volume to minimize the volume of air purged into 
receiving blood bag 221. Using such a configuration, first 
section 101 may require a recessed area 260 to allow tube 
110 to protrude into chamber 108. 

FIG. 7 depicts a sectional view of the aforementioned 
embodiment of the filtration device 229. On the inside 
surface of second section 202 a plurality of ribs 242 are 
located. The ribs 242 serve to stabilize the position of 
filtration elements 103 while allowing liquid such as blood 
to be filtered to flow through chamber 109. The ribs prevent 
the pressure exerted within chamber 108 from deforming the 
filtration elements 103. FIG. 8 depicts the inside surface of 
first section 201. Recess 260 contains a ridge 261 located on 
one or more edges thereof and extending from the inside 
surface 230 of the first section. As shown in FIG. 6, ridge 
261 contacts washer 118 to maintain a force against the 
portion of filtration elements 103 between the washer 118 
and lip 299. 

Referring to FIG. 9, the fluid filtration device when used 
to filter blood may be used by placing a blood supply bag 
220 in fluid flow relationship with an in-line vent filter 15. 
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Blood flowing through the vent filter is carried by a conduit 
13 to filtration device 229 via inlet nipple 113. A collection 
tube 117 is connected to an outlet nipple 260, at one end, and 
at the other end to a blood collecting bag 221. The filtration 
of blood occurs without the need for manually opening and 5 
closing vents or for moving the blood collecting bag to 
different heights relative to the blood supply bag or housing 
229. 

FIG. 10 is an exploded view of the lower part of the 
filtration device 229 depicted in FIG. 6 for the purposes of 10 
depicting sealing techniques useable in connection with the 
present invention. The fluid filtration device 229 contains 
four filtration elements 103. However, more or less than four 
filtration elements 103 may" be used depending on the 
application. Each filtration element 103 may provide a 
logarithmic reduction of leukocytes from the blood that 
passes through that layer. For example, if unfiltered blood 
initially contains 1,000 leukocytes/ml, it will contain 100 
leukocytes/ml after passing through one filtration element 
103. Hence four leukocyte filtration elements 103 should 
give four orders of logarithmic reduction of leukocytes 
and/or other blood components. FIG. 10 illustrates the blood 
flow path through four filtration elements 103. Blood may 
bypass filtration through each of the elements. For example, 
blood flow may start in chamber 108 and follows the shortest 
path from chamber 108 through the first filtration element 25 
into gap 284 between tube 110 and the edge of the filtration 
elements 103 and through the last filtration elements 103 
into chamber 109. 

If the distance travelled by blood, which flows through the 3Q 
filtration elements 103 and gap 284 is less than the thickness 
of all of the filtration elements 103, then blood may bypass 
some of the elements and may not be adequately filtered. 
One solution to the problem is to increase the diameter of 
washer 218 and to increase the width of ring 250. This will 35 
increase the length that blood bypassing the intermediate 
layers of filtration elements must travel. However, since tube 
110 and ring 299 should be located near the bottom of the 
device, there is a limit to their diameters. Moreover, increas- 
ing the diameter of washer 118 increases the possibility for 4Q 
wrinkles to form in elements 103 causing blood to flow 
therethrough and avoid complete filtration. 

A preferred solution to the above mentioned bypass 
problem is illustrated in FIG. 11. In FIG. 11, flanged washers 
285, 286, 287 and 288 independently seal each layer of the 45 
leukocyte removing elements 103 around tube 110. Each 
flanged washer should be sized to contact either the washer 
stacked thereupon, surface 255, or ridge 261 depending 
upon its position. Also, preferably flanged washers 285, 286, 
287, and 288, are press fit around tube 110. However, other 50 
reliable sealing techniques could be used to seal the flanged 
washers to tube 254. Also, instead of sealing each of the 
flanged washers to tube 110, each interior flanged washer 
could be sealed to the adjoining washers. Moreover, the 
flanged washer contacting ridge 261 may be sealed thereto 55 
and/or the flange washer contacting surface 255 may be 
sealed to surface 255. Also, it may be possible to use a 
number of flanged washers which are less than the number 
of filtration elements. If a press fit is used between the 
flanged washers and tube 254, then the flanged washers and $ 0 
tube 254 may be made of dissimilar materials which are 
preferably radiation sterilizable. The flange of the flanged 
washers should be made as thin as practical so as to 
minimize wrinkling of the filtration elements 103. Ridge 261 
of inlet half 201 prevents the flanged washers from rising on 65 
tube 254 once inlet half 201 is sealed to outlet half 202. 

FIG. 12 depicts the lower portion of the embodiment of 



the filtration device 229 depicted in FIG. 11 using an 
alternative means for sealing the edges of filtration elements 
103. Flanged rings 271, 272,273, 274 are placed over the 
edges of each filtration element 103. Each flanged ring may 
be sealed to the second section 202, or each flanged ring may 
be sealed to its adjacent flanged ring and the lower flanged 
ring 274 sealed to second section 202. Also, each or some of 
the flanged rings 271, 272, 273, 274 may be press fit against 
side wall 245 of second section 202. Each flanged ring 
should extend throughout the outer edge of the filtration 
elements. Also, it may be possible to use a number of flanged 
rings which is less than the number of filtration elements. 

FIG. 13 depicts an alternative technique for sealing the 
edges of filtration elements 103. Using this technique, the 
edge 276 of the bottom filtration element is bonded to 
second section 202, preferably by a heat seal which extends 
around the entire periphery of the filtration element 103. The 
heat seal, however, will compress the fibers at the edges 276, 
277, 278, 279, of the filtration element which will effectively 
reduce the filtration capability of the elements at the inter- 
face between the compressed and noncompressed region. To 
prevent reduced filtration capability, layers of polyethylene 
film 98 may be placed between each layer of the filtration 
elements 103 prior to sealing the edges of each layer 276, 
277, 278, 279 to one another. The polyethylene film layers 
98 prevent blood from filtering through the interface regions 
affected by the heat sealing. Other thermoplastic films may 
be used in lieu of a polyethylene film 98. However, the film 
layers should extend around the entire periphery of filtration 
elements 103. Also, the edge 276 of the lower filtration 
element may be sealed to second section 202 and the other 
edges 277, 278, 279 of the filtration elements may be sealed 
to one another. However, other patterns and techniques for 
sealing the edges 276, 277, 278, 279 to one another or to the 
second section 202 may be used. 

FIG. 14 illustrates yet another embodiment of the inven- 
tion. This filtration device does not contain a second outlet 
from the second chamber 109 or a means for placing the first 
outlet 124 in fluid flow relationship to a second outlet. 
Tubing 168 looping around the back of filtration device 129 
acts a means for placing the first chamber 108 in fluid flow 
relationship with the second chamber. Assuming the filtra- 
tion of blood within the device 129, as discussed supra, a 
sterile connection would be made between tubing 14 and 
feed blood bag 20. The system components would then be 
suspended as depicted in FIG. 14. Blood would flow from 
tubing 13 through port 122 into chamber 108 of inlet half 
101. Chamber 108 will fill from the bottom up until chamber 
108 is full. As with previous embodiments tubing socket 113 
and port 122 can be located anywhere on inlet half 101! 
Filter 104 is a hydrophobic filter which prevents blood from 
flowing therethrough. As chamber 108 begins to fill, filtra- 
tion elements 103 will begin to wet from the bottom up. As 
chamber 108 fills, the air in chamber 108 will vent through 
the non wet portions of filtration elements 103 into chamber 
109. This air will exit from chamber 109 into receiving 
blood bag 21 through port 124 and tubing 117. As filtration 
elements 103 wet, the air that was in these filtration elements 
will also vent into chamber 109 and then into receiving 
blood bag 21 through port 124 and tubing 117. Blood will 
begin to flow through filtration elements 103 from the 
bottom up. At this point both blood and air will be passing 
from filtration elements 103 into chamber 109 of outlet 
section 102 and a mixed stream of blood and air will pass 
through port 124 and tubing 117 into receiving blood bag 21. 
This process will continue until filtration elements 103 are 
completely wet with blood. The blood level in chamber 109 
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will then rise to a level just above the level of tubing 117 as 
depicted in FIG. 14. At this point tubing 117 will be full of 
blood (i.e., no air) and air will cease to flow into receiving 
blood bag 21. 

When feed blood bag 20 is empty air will pass from ports 5 
.4 through hydrophobic filter 3 of the vent 15. Vent filter 15, 
tubing 13 and chamber 108 of inlet section 101 will drain 
through filtration elements 103 into chamber 109 of outlet 
section 102. Chamber 108 will drain from the top down. 
Once the blood level in chamber 108 falls below the non 10 
sealed portion of hydrophobic filter 106 air will begin to pass 
from chamber 108 through port 194, tubing 168 and port 169 
into chamber 109. This air flow from chamber 108 to 
chamber 109 will bring chamber 109 to atmospheric pres- 
sure thus draining chamber 109 and tubing 117 into receiv- 15 
ing blood bag 21. To ensure that chamber 108 drains 
completely hydrophobic filter 106 should be placed at the 
bottom of chamber 108 and hydrophobic filter 106 should be 
of small enough pore size to give the necessary delay (i.e., 
to allow chamber 108 to finish draining before enough air 2Q 
passes through hydrophobic filter 106 into chamber 109 and 
causes chamber 109 to drain). If hydrophobic filter 106, 
tubing socket 167 and port 194 are located at a higher 
location on inlet half 101 filtration device 129 will still filter 
in the same manner, but chamber 108 will not completely 25 
drain at the end of the filtration process. 

Although the invention has been depicted in connection 
with the embodiments disclosed herein, it will be apparent 
to one. of ordinary skill in the art that the invention may be 
performed using various modifications and substitutions to 30 
the embodiments depicted herein'. Any such modifications or 
substitutions are intended to be within the scope of the 
invention as defined by the following claims. 

What is claimed is: 

1. A liquid filtration device comprising: 35 
a first chamber having an inlet for receiving unfiltered 

liquid and being capable of collecting the unfiltered 
liquid therein; 

a second chamber capable of collecting filtered liquid 

therein, said second chamber being in fluid flow rela- 40 

tionship with the first chamber; 
means for filtering liquid within the first chamber prior to 

flowing into the second chamber; 
a passage leading from the second chamber into the first 45 

chamber for venting air therebetween; 
means for preventing liquid within the first chamber from 

flowing through the passage into said second chamber; 

and 

a first outlet in the second chamber. 50 

2. The filtration device of claim 1 further comprising a 
second outlet in the second chamber,- said second outlet 
being located above said first outlet; and a hydrophilic filter 
disposed over said second outlet, said hydrophilic filter 
preventing air from flowing through said second outlet when 55 
said hydrophilic filter is wet 

3. The filtration device of claim 2 further comprising 
. means for placing the first outlet in fluid flow relationship 

with the second outlet 

4. The filtration device of claim 3 wherein the means for 60 
placing the first outlet in fluid flow relationship with the 
second outlet comprises a conduit 

5. The filtration device of claim 5 wherein said conduit is 
' integrally formed to a housing defining at least one of said 

chambers. 65 

6. The filtration device of claim 4 further comprising 
tubing connected to said conduit for allowing filtered fluid to 
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flow into a fluid collecting means. 

7. The filtration device of claim 1 or 2 wherein said means 
for preventing unfiltered liquid within the first chamber from 
flowing through the passage into the second chamber com- 
prises a hydrophobic filter. 

8. The filtration- device of claim 7 wherein said means for 
filtering fluid within the first chamber comprises at least one 
filtration element 

9. The filtration device of claim 8 wherein said at least one 
filtration element comprise a plurality of leukocyte remov- 
ing elements. . 

10. The filtration device of claim 8 further comprising 
means for venting unfiltered fluid. 

11. The filtration device of claim 10 wherein said venting 
means comprises an automatic in-line vent filter. 

12. The filtration device of claim 11 wherein said auto- , 
matic in-line vent filter is placed in fluid flow relationship 
with said first chamber. 

13. The filtration device of claim 12 further comprising a 
liquid supply placed in fluid flow relationship with said 
automatic in-line vent filter. 

14. The filtration device of claim 8 wherein said first 
chamber and second chamber are located within a housing 
formed by a first section and second section. 

15. The filtration device of claim 14 wherein said at least 
one filtration element is located between said first section 
and second section, said at least one filtration element 
extending within an interior of said housing forming a 
barrier dividing said interior of the housing into said first and 
second chambers. 

16. The filtration device of claim 15 wherein said at least 
one filtration element forms an interior" wall within said 
housing. 

17. The filtration device of claim 16 wherein edges of said 
at least one filtration element are oriented between the first 
section and second section. 

18. The filtration device of claim 17 wherein said passage 
extends through said at least one filtration element 

19. The filtration device of claim 18 wherein said passage 
comprises a tube affixed to said second section. 

20. The filtration device of claim 19 further comprising 
means for preventing unfiltered fluid from entering the 
second chamber by flowing between the tube and said at 
least one filtration element 

21. The filtration device of claim 20 wherein said pre- 
venting means comprises one or more flanged washers. 

22. The filtration device of claim 20 wherein the edges of 
said at least one filtration element are sealed to said second 
section using at least one flanged ring. 

23. The filtration device of claim 20 wherein when the 
edges of said at least one filtration element are heat sealed 
using a thermoplastic, film between layers of edges of more 
than one filtration element. 

24. The filtration device of claim 20 wherein said tube 
comprises- a lip which contacts said at least one filtration 
element 

25. The filtration device of claim 24 wherein said means 
for preventing unfiltered fluid from entering the second 
chamber comprises a washer wherein said at least one 
filtration element is located between said lip and said washer 
mounted on said tube. 

26. The filtration device of claim 25 wherein said hydro- 
phobic filter is sealed to an opening of said tube. 

27. The filtration device of claim 26 wherein said hydro- 
philic filter is sealed to said second section at said second 
outlet therein. 

28. A filtration device for use in filtering blood compris- 
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ing: 
a housing; 

a second chamber and a first chamber each within said 
housing wherein said first and second chambers are 
separated by a plurality of leukocyte removing ele- 5 
ments; 

a passage leading from the first chamber into the second 
chamber; 

a hydrophobic filter disposed at one end of said passage io 
for preventing blood within the first chamber from 
flowing through the passage into the second chamber, 

a first outlet in said second chamber; 

a second outlet in said second chamber, said first outlet 
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being located below said second outlet; 

a hydrophilic filter disposed over said second outlet for 
preventing air from flowing through said second outlet 
when said hydrophilic filter is wet; and 

means for placing said first outlet in fluid flow relation- 
ship with said second outlet. 

29. The filtration device of claim 28 wherein said means 
for placing said first outlet in fluid flow relationship with 
said second outlet comprises a conduit. 

30. The filtration device of claim 29 wherein said conduit 
is integrally formed with said housing. 

* * * * * 
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